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A D V E R T I S E M E N T I. 

T^/J:lT of the enduing Dlfcourfe about Light was written at the 
A uejlre of fame Gentlemen of the Royal Society, in the year 
i()75, and tl-eu />•;/ to tXir Secretary, am! ;vy?,'/ ,?/ their Meet- 
ings, /.V CCji ^rcs added ill"; fit tzvcll'C 2 l-WS t'f'iT JO CCmplciC 

Fee toeo?y; tveeyt the tcird Booh, and tK hjl Prcpytlon of the 
Se:;-nd 9 iv 'neb c:\tv fuce put Fgyslbor cut of featured Papers, to 
avoid being ogayu in Dlfuies about tbefe matters, J have hither- 
to delayed the prim' lug, andjlvtih! Jii/I have delayed it, bad mt the 
fmforlumiy (A Friends prcvalld -upon me. If cry ether papas 
wrW on thisyu'jcci are got out of dm bands, they are Puperfedl ; and 
zrere per baps critter before I bad tried ad the Experiments here Jet 
daeu, and fitly fatlsdcd mjl\ If about the Lazes of il fractions end 
Corny ofit ion of Colours, 1 luve here fuldybed what I think proper 
to come abroad, wi/ldng that it nicy not be imitated into another 
language zciibout mv content. 

far Crozens of Colours, which fametdmes appear about the Sun 
and Moon, f have endeavoured to give an account of; but for want 
of fuffeient Obfarvations leave that matter to be farther examined, 
the ful.jeet of the third Book I have alio bft Imperfect, not bavin* 
tried all the Fvx peri meats which 1 intended 'when I was about tbcfe 
matters, nor repeated fame of tbofe which I did try, until f bad fa- 
ils fed myfelf about all their cireumflanees^ to 'communicate what 
I have tried, and leave the ret! to others for farther enquiry, Is all 
my dejrgn in paid I thin * thefa papers. 

In a Letter written to Mr. Leibnitz in the year 1679, and pub- 
lijbed by Dr. Wallis, I mentioned a method by which I had found 
Jome general theorems about f/uariny CurviFnear Fiyures, or com- 
paring them with the Conic See/ions, or of her the Jim Ned Flares 
with which they may be compared, j Fid fame years ago 1 lent out 
a Manufcript containing fuch theorems ; 'and having face met with 
fame things copied out of it, I have on ibis occajlon made it public, 
prefixing to it an Introduaion, and fubjohiing a Scholium con- 
cerning thai method. And I have Joined wUb d ami lev fnmit fradt 
concerning the Curvilhiear Figures of the Second Find, w Feb was 
aifo written many years ago, and made knozvn to Jome friends, who 
have j Elicited the making it public b, " j m y. 

-April 1, 

A a ADVER- 



ADVERTISEMENT II. 



TN this Second Edition of thefe Opticks I have omitted the Mathe- 
matical TracJs publifhed at the end of the former Edition, as not 
belonging to the fubjeEi. And at the end of the Tbird Book I have 
added fome guejiions. And tojhew that I do not take Gravity for 
an Efential Property of Bodies, I have added one ®ueJlion concern- 
ing its Caufe, chufmg to propofe it by way of a ^uejlion, becaufe t 
am not yet fatisjied about it for want of Experiments, 



l j\r, 

July i6, 1717. 
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PART I. 



MY defign in this Book is not to explain the Properties of 
Light by Hypothefes, but to propofe and prove them 
by reafon and experiments : in order to which I mail premife 
the following Definitions and Axioms. 

DEFINITION S. 

D E F I N. L 

By the Rays of Light I underfiand its leafi parts, and thofe as 
well fuccefftve in the fame lines,, as contemporary in fever al lines. 
For it is manifeft that Light confifts of parts both Succeffive and 
Contemporary ; becaufe in the fame place you may Hop that 
which comes one moment, and let pais that which comes prc- 
fently after ; and in the fame time you may ftop it in any one 

place, 
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place, and let it pals in any other. For that part of Light 
which is itopt cannot be the fame with that which is let pals. 
The leaft Light, or part of Light, which niay be ftopt .alone 
without the reft of the Light, or "ropagat-d alone, or do or 
fufFcr any thing alone, which the .reft of the Light doth not or 
fullers not, I call a Rav of Lio;ht. 

D E F I N. II. 

Rcfrangibility "of the Rays of Light, is their d'ifpofltion to be re- 
fracted or turned out of their way, in pajfmg cut of one tranfpa- 
rent Body, or Medium, into another. And a greater or lefs Refr eli- 
gibility of Rays, is their difpofition to be turned more or lefs out of 
their way in like incidences on the fame Medium. Mathematicians 
nfually confider the Rays of Light to be lines reaching from the 
luminous body to the body illuminated; and the refraction of 
thofe Rays to be the bending or breaking of thole lines in their 
paffing out of one Medium into another, And thus may Rays 
and Refra&ions be confidered, if Light be propagated in an in- 
ftant. But, by an argument taken from the ^Equations of the 
times of the Eclipfes of Jupiter's Satellites, it feems that Light 
is propagated in time, fpending in its pafTage from the Sun to 
us about feven minutes of time : and therefore I have chofen to 
define Rays anil Refractions in fuch general terms as may aexee 
to Light in both cafes. 

D E F I N. III. 

Inflexibility of Rays, is their difpojition to be refleBed or turned 
hacn into the fame Medium from any other Medium, upon whole fur- 
face they fall. And Rays are more or lefs reflexible, which are 
turned back more or lefs eaflly. As if Light pafs out of Glafs 
into Air and, by being inclined more and more to the common 
furface of the Glafs and Air, begins at length to be totally re- 
flexed by that furface ; thofe forts of Rays which, at like inci- 
dences are refined moft copionily, or by inclining the Rays 
begin fooneft to be totally refined, are moft reflexible. ^ 
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D E F I N. IV. Defim- 

TIOKS. 

The Angle of Incidence is that Angle, which the line defcribedby 
the incident Ray contains with the Perpendicular to the reflecting or 
refradling furface at the point of Incidence. 

D E F I N. V. 

The Angle of Reflexion or RefraBion, is the Angle which the line 
defer ibed by the refleBed or refracted Ray containetb with the Per- 
pendicular to the refleBing or refraBing furface at the point of 
Incidence* 

D E F I N. VI. 

Tie Sines of Incidence, Reflexion, and RefraBion, are the Sines 
of the Angles of Lncidence, Reflexion, and RefraBion. 

D E F I N. VII. 

the Light wbofe Rays are all alike Refrangible, I call Simple, 
Homogeneal and Similar-, and that zvhofe Rays are fome more Re- 
frangible than others, I call Compound, Meter ogeneal and Difimilar. 
The former Light I call Homogeneal, not becaufe I would af- 
firm it lb in all refpeds ; but becaufe the Rays, which agree in 
Rcfrangibility, agree at leaft in all thofe their other properties, 
which I confider in the following Difcourie. 

D E F I N. VIII. 

The Colours of Homogeneal Lights, I call Primary, Homogeneal 
and Simple-, and thofe of Hetcrogeneal Lights, Heterogeneal and 
Compound. For thefe are always compounded of the "colours of 
Homogeneal Lights ; as wtll appear in the following Difcourfe. 
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AXIOMS. 
A X. I. 

?be Angles of Reflexion, and RefraBhn, lie in one and the fame 
Plane with the Angle of Incidence. 

A X. II. 

the Angle of Reflexion is equal to the Angle of Incidence. 
A X. III. 

If the refraBed Ray be turned direclly back to the Point of Inci- 
dence, it Jhall be refraBed into the Line before defer ibed by the 
incident Ray. 

A X. IV. 

RefraBion out of the rarer Medium into the denfer, is made tozvards 
the Perpendicular ; that is, fo that the Angle of Refraclion be 
lefs than the Angle of Incidence. 

A X. V. 

The Sine of Incidence is either accurately or very nearly in a given 
ratio to the Sine of Refraclion. 

Whence if that proportion be known in any one inclination 
of the incident Ray, it is known in all the inclinations, and 
thereby the Refraction, in all cafes of incidence on the fame re- 
fracting body, may be determined. Thus if the Refraction be 
made out of Air into Water, the fine of Incidence of the Red 
Light is to the fine of its Refraction as 4 to 3. If out of Air 
into Glafs, the Sines are as 17 to 11. In Light of other Co- 
lours the fines have other proportions : but the difference is fo 
little that it need feldom be confidered. 

Suppofe, therefore, that rs [in fig. 1.] reprefents the Surface 
of ftagnating Water, and that c is the point of Incidence, in 
which any Ray, coming in the Air from a in the Line ac, is re- 
flected or refracted ; and I would know whither this Ray fhall 
go after Reflexion or Refraaion : I erect upon the furface of 
the Water, from the point of Incidence, the Perpendicular cp, 
and produce it downwards to c^, and conclude by the firft Axi- 
1 om, 
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om, that the Ray after Reflexion and Refraaion, fhall be found Ax 
fome where in the Plane of the Angle of Incidence acp produ- 
ced. I let fall therefore upon the Perpendicular, cp, the fine of 
Incidence ad ; and if the refle&ed Ray be defired, I produce AD 
to b, f> that db be equal to ad, and draw cb. For this Line 
cb ihall be the reflected Ray ; the tingle of Reflexion bcp and 
its line bd being equal to the angle and fine of Incidence, as they 
ought to be by the fecond Axiom. But if the refraaed Ray be 
defired, I produce ad to h, fo that dh may be to ad as the fine 
of Refraaion to the fine of Incidence, that is (if the Light be 
red) as 3 to 4 ; and about the Center c, and in the Plane acp, 
with the Radius ca defcribing a Circle abe, I draw parallel to 
the Perpendicular cpo_, the Line he cutting the Circumference 
in e, and joining ce, this line ce fhall be the line of the Re- 
fraaed Ray. For if ef be let fall perpendicularly on the line pq_, 
this line ef fhall be the fine of Refraaion of the Ray ce, the an- 
gle of Refraaion being ecqj and this fine ef is equal to dh, and 
confequently in proportion to the fine of Incidence ad as 3 to 4. 

In like manner, if there be a Prifm of Glafs (that is, a Glafs 
bounded with two equal and parallel triangular ends, and three 
plain and well polifhed fides, which meet in three parallel lines 
running from the three angles of one end to the three angles of 
the other end) and if the Refraaion of the Light in paffmg crofs 
this Prifm be defired : let acb [in fig. 2.] reprefent a plane cut- 
ting this Prifm tranfverfly to its three parallel lines, or edges, there 
where the Light pafleth through it ; and let de be the Ray inci- 
dent upon the firft fide of the prifm ac, where the Light goes 
into the glafs ; and by putting the proportion of the fine of In- 
cidence to the fine of Refraaion as 17 to 11, find ef the firft 
refraaed Ray. Then taking this Ray for the incident Ray upon 
the fecond fide of the Glafs, bc, where the Light goes out, find 
the next refraaed Ray fg, by putting the proportion of the 
fine of Incidence to the fine of Refraaion as 1 1 to 17. For if 
the fine of Incidence out of Air into -Glafs be to the fine of Re- 
fraaion as 17 to 11, the fine of Incidence out of Glafs into Air 
muft on the contrary be to the fine of Refraaion as 11 to 17, 
by the third Axiom. 

Vol. IV. B Much 
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Much after the fame manner, if acbd [in^. 3.] reprefent a 
Glafs fphericaliy convex on both fides (ufually called a Lens, fuch 
as is a Burning-glafs, or Spectacle-glafs, or an ObjecVglafs of a 
Telefcope) and it be required to know how Light falling upon 
it from any lucid point q_ fliall be refracted ; let qm reprefent a 
Ray falling upon any point m of its firft fpherical furface acb^ 
and by erecting a perpendicular to the Glafs at the point M, find 
the firft refracted Ray, mn, by the proportion of the fines 1 7 to 
11. Let that Ray in going out of the Glafs be incident upon 
n, and then find the fecond refracted Ray, n<7, by the proportion 
of the fines 1 1 to 17, And after the fame manner may the Re- 
fraction be found,, when the Lens is convex on one fide and plane 
or concave on the other, or concave on both fides. 

A X. VI. 

Momogeneal Rays which flow from f ever al points of any Object, anS 
fall perpendicularly t oralmofl perpendicularly, on any reflecting or 
refracling plane or fpherical Surface, Jhall afterwards diverge- 
from fo many other points, or be parallel to fo many other lines r 
or converge tofo.. many other points, either accurately or without 
any fenftble error. And the fame thing will happen, if the Ray* 
be refleBed or refracted futcefjively by two or three or more plane 
or fpherical Surfaces. 

The point from which Rays diverge, or to which they con- 
verge, may be called their Focus-. And the Focus of the inci- 
dent Rays being given,, that of the reflected or refra£ed ones 

P Imagim* that rays, emitted from the point a:, fall upon the 
lphenca! furface at a, and are reflefted to ? , and join e a. Then 
the angles eaq^, ea ? will be equal ; and; of conlequence qe wiUi 
be to as oa to a ? . And this analog will iubhit,-wherever in 
the refieaing furface the point a be placed. Let a therefore ap- 
proach to c; and in the evanefcence of the arc ca, qa becomes 
jilt.mate.j- equal to qc and 9 k to ?c . Therefore qc is ultimate- 
ly r 0 fC as oe as s u. In cq. produced take q* equal to qe, and 
from c. cut off c , equal to E? . Then f mce o^c is' to, c £ 'o_e to 
I* , the fum of qc and qe, that is, c«, will be to the fum of «c 
c'tf^:^:^ 0 ^ (^»;v.„.) Alfothe diffi 
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may be found by finding the Refraction of any two Rays, as Axiom,. 
above; or more readily thus. 

Caf. 1. Let acb [in^. 4.] be a reflecting or refra£ing plane, 
and Qjhe Focus of the incident Rays, and c^qc a perpendicu- 
lar to the plane. And if this perpendicular be produced to q y 
fo that qc be equal to qc, the point q, fliall be the Focus of the 
reflected Rays. Or if qc be taken on the fame fide of the Plane 
with qc, and in proportion to qc as the fine of Incidence to the 
fine of Refraction, the point q fliall be the Focus of the refrac- 
ted Rays. 

Caf. 2. Let acb \ynjig. 5.] be the reflecting furface of any 
Sphere whofe center is e. Bifect any radius thereof (fuppofe 
ec) in t, and if in that radius, on the fame fide the point t, 
you take the points ctand q, fo that tq., te, and Tq, be conti- 
nual proportionals, and the point c^be the Focus of the incident 
Rays, the point q fliall be the Focus of the reflected ones ( a ). 

Caf 3. Let acb [injtg. 6.] be the .refracting furface of any 
Sphere whofe center is e. In any radius thereof, ec, produced 
both ways take et and ct equal to one another, and feverally in 
fuch proportion to that radius, as the lefler of the fines of Inci- 
dence and Refraaion hath to the diiTerence of thofe fines. And 
then if in the fame line you find any two points Q_and#, fo that 
TQ.be to et as Et to tq, taking tq the contrary way from / which 
TQjieth from t, and if the point o^be the Focus of any inci- 
dent Rays, the point q fhall be the Focus of the refraded 
ones ( b ). 

And 

( b ) Imagine rays, emitted from to fall upon the fpherical furface at a, and to be refracted 

7' o \ r\ EA ' c u C c 18 th t angle ° f Inciden ". and 9 AE the angle of Refraftion. Let 
denote the fine of the former, » that of the latter. Now in the triangle qae, qa is to q_e as 
the fine of e to i. By permutation q_a ,. to the fine of e as qe to i, or as the reflangle ojx 
to the recrangle I Xp. Again in the triangle ? ae, the line of e is to * as fA to on. By per- 
mutation the fine of e » to q x as r to or as the Wangle > x qe to the reftangle f e x QJ. 
But fmce qa is to the fine of e as qz x f e to i x f E j and the fine of e to q\ as r x qe to qe x ,e. 

Therefore (ex aequo perturbate) Q/k. 
is to qK as r x qe to i X tfE. But 
becaufe te is to ec as iton-i, 
^ / \ therefore, inverting and compound- 

1 / I r^-^ ing, tc is to te as r to i. There- 

* E 7C t 7 fore R XQE:ixyEzrTcxQEj 

/ TEXfE; and QA ; q\ — TC X QE : 

te XjfE. And this analogy will obtain, wherever in the refraaing furface the point a be 
placed. Let a therefore approach to c j and fince in the evanefcence of the arc ca, qa and ? a 

B 2 become 
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axioms. And by the fame means the Focus of the Rays after two or 
more Reflexions or Refraftions may be found. 

Caf.4. Let acbd [in fig. 7.] be any refracting Lens, fpheri- 
cally convex, or concave, or plane on either fide ; and let CD be 
its axis (that is the line which cuts both its furfaces perpendicu- 
larly, and pafles through the centers of the fpheres) and in this 
Axis produced let f and /be the Foci of the refracted Rays found 
as above, when the incident Rays on both lides the Lens are pa- 
rallel, to the fame Axis ; and upon the diameter f/J bifected in e, 
defcribe a circle. Suppofe now that any point cj,be the Focus of 
any incident Rays. Draw qe cutting the faid circle in t and t 9 
and therein take tq in fuch proportion to /e, as /e or te hath to 
tq. Let tq lie the contrary way from / which TQ^doth from t, 
and q mall be the Focus of the refracted Rays, without any fen- 
fible error ; provided the point Q_be not fo remote from the Axis, 
nor the Lens fo broad, as to make any of the Rays fall too ob- 
liquely on the refracting furfaces. 

And by the like operations may the reflecting or refracting fur- 
faces be found, when the two Foci are given ; and thereby a Lens 
be formed, which mall make the Rays flow towards or from 
what place you pleafe ( c ). 

So then the meaning of this Axiom is, that if Rays fall upon 
any plane or fpherical fur face or lens, and before their incidence 
flow from or towards any point q_, they fhall after Reflexion or 
Refra&ion flow from or towards the point q found by the fore- 
going rules. And if the incident rays flow from or towards fe- 
veral points Q_, the refleded or refra&ed rays fhall flow from or 
towards fo many other points q found by the fame rules. Whe- 
ther the reflected or refraded rays flow from or towards the point 
q is eafily known by the fituation of that point. For if that 

point 

become ultimately equal to c>c and' 
fc; therefore ultimately, when A 
coincides with c, qc^c-tcxqk.: 
te x qn. Therefore the point o.be- 
ing given, q will be determined, by 
7 taking cq of fueb length, that qc 
TirmnfWl *f e ' ■ ma y ^ ear to i c a proportion com- 

;;" 7 ° f . he P roport'onof QEtoji, and the given proportion ^ tc to te. But this is 
c«e«ed by lac Newtonian Conibu^on. For T^bcinJ to *r, or its e^al ct, « B| M i!! 

e<-]iial 
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point be on the fame fide of the reflecting or refracting furface Axiomi. 
or lens with the point q_, and the incident rays flow from the 
point q_, the reflected flow towards the point q, and the refracted 
from it; and if the incident rays flow towards q_, the reflected 
flow from and the refracted towards it. And the contrary 
happens when q is on the other lide of that furface- 

A X. VII. 

Wherever the rays, which come from all the points of any ObjeS r 
meet again in fo many point s^ after they have been made to con- 
verge by reflexion or refraclion, there they will make a Piclure of 
the objeci upon any white body on which theyfalL 

So if pr [in fig. 3.] reprefent any Object without doors, and 
ab be a lens placed at a hole in the window-fliut of a dark cham- 
ber, whereby the* rays that come from any point Q_of that ob- 
ject are made to converge and meet again in the point q ; and if 
a flieet of white paper be held at q for the light there to fall up- 
on it : the Picture of that Object, pr, will appear upon the paper 
in its proper fliape and colours. For as the light which comes 
from the point Q_goes to the point q, fo the light which comes 
from other points, p and R r of the object, will go to fo many other 
correfpondent points p and r (as is manifeft by the fixth Axiom) ; 
fo that every point of the Object fhall illuminate a correfpondent 
point of the Picture ; and thereby make a Picture like the Ob- 
ject in fliape and colour, this only excepted, that the picture fliall 
be inverted. And this is the reafon of that vulgar experiment 
of cafting the fpecies of objects from abroad upon a wall or meet" 
of white paper in a dark room. 

In a like manner, when a man views any object pqr [in fig. 8»J 

equal ct to tq; by confeqrtence remand ct together, that is qc, will bear to c and tq toge- 
ther, that is to ? c, the proportion of tc to tq. (F.lem. v. 1 2.) Km 1 c be-irs to tq the proportion . 
compounded of the proportions of tc to and te to tq. And the proportion of rv m t,j is 
the f'.me which qe beats to je. For :ince <>r is to te is uttotq, by compoiition qi- : te~-:^ : qf. . 
And by perrnatatk.n qe : -je — te :tq. Therefore the proportion of tc to tq, \r.mv compo md- 
cd of the proportions of tc to -is. and te to t ,/ t i.< eoni pounded of tlie propM-riom of tc to te, 
iu:d qe :■) u e. Therefore the prr portion of nj to qc, being the fame with that of tc to tq, as- 
hath been fhewn, is c^rapountku of thefe fame proportions. Whence the truth of NewtoaV 
Construction is n:.m:feit. 

C) Vide Left. Opt. part I, ;V:t, iv. Prop, xsix, xxx. "mu, xxxin.. 

* the;. 
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the light, which comes from the feveral points of the objeft, is 
fo refracted by the tranfparent fkins and humours of the Eye, 
(that is by the outward coat ef© called the tunica Cornea, and 
by the cryftalline humour ab which is beyond the pupil mk) 
as to converge and meet again at fo many points in the bottom 
of the Eye, and there to paint the Picture of the Objea upon 
that jfkin (called the Tunica Retina) with which the bottom of 
the eye is covered. For Anatomifts, when they have taken off 
from the bottom of the eye that outward and moft thick coat 
called the Dura Mater ; can then fee, through the thinner coats, 
the pictures of objects lively painted thereon. And thefe pic- 
tures propagated by motion along the fibres of the Optick Nerves 
into the brain, are the caufe of Vifion. For accordingly as thefe 
pictures are perfect or imperfea, the objea is feen perfe^y or 
imperfectly. If the eye be tinged with any colour (as in the 
difeafe of the Jaundife) fo as to tinge the pictures in the bottom 
of the eye with that colour, then all obje&s appear tinged with 
the fame colour. If the humours of the eye by old age decay, 
fo as by mrinking to make the cornea and coat of the cryjlallim 
bitmour grow natter than before, the light will not be refracted 
enough; and, for want of a fufficient refraaion, will not converge 
to the bottom of the eye, but to fome place beyond it ; and by con- 
fequence paint in the bottom of the eye a confufed picture, and 
according to the indiftinctnefs of this Piaure the Objea will ap- 
pear confufed. This is the reafon of the decay of fight in old 
men, and {hews why their fight is mended by lpeaacles. For 
thofe convex glafles fupply the defea of plumpnefs in the eye 
and, by encreafing the refraaion, make the rays converge fooner! 
fo as to convene diftinaiy at the bottom of the eye, if the Glafs 
have a due degree of convexity. And the contrary happens in 
Inort-fighted men, whofe eyes are too plump. For the refrac- 
tion being now too great, the rays converge and convene in the 
eyes before they come at the bottom ; and therefore the piaure 
made in the bottom, and the vifion caufed thereby, will not be 
diftma unlefs the objea be brought fo near the eye, as that the 
place where the converging rays convene may be removed to the 
bottom; or that the plumpnefs of the eye be taken off, and the 

refractions 
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refraaions diminished by a concave glafs of a due degree of con-Ax*, 
cavity ; or, laftly, that by age the eye grow natter till it come 
to a due figure : for ftiort-fighted men fee remote objeas beft 
in old age, and therefore they are accounted to have the moft 
lafting eyes.. 

a x. viir. 

jin Objea feen by Reflexion or Refraaion, appears in that place, from 
whence the rays, after their laji reflexion or refrafiion, diverge 
in falling on the Speclatofs Eye. 

If the Objea a {inflg. c>] be feen by Reflexion of a Looking- 
glafs mn, it ihall appear* not in its proper place a, but behind 
the glafs at a ; from whence any rays ab, ac, ad, which flow 
from one and the fame point of the objea r do, after their re- 
flexion made in the points b, c,. diverge in going from the 
glafs to e, f, g, s where they are incident on the fpeaator's eyes. 
For thefe rays do make the fame piaure in the bottom of the 
eyes, as if they had come from the objea really placed at a, 
without the interpofition of the looking-glafs ; and all Vifion is 
made according to- the place and fliape of that piaure. 

In like manner the Objea d \mflg. 2.] feen through aPrifm, 
appears not in its proper place d, but is thence tranflated to fome 
other place d y fituated in the laft refined ray, fg, drawn back* 
ward from f to d. 

And fb the Objea o_[in^. 10.I feen through the Lens ab, 
appears at the place q, from whence the rays diverge in paifing. 
from the lens to the eye. Now it is to be noted^, that the Image 
of the objea, at q r is fo much bigger or letter than, the Objea itfelf 
st cl, as the diltance of the image at q, from the lens ab, is big- 
ger or lefs than the diftance of the objea at c- from the fame 
leas. And if the Objea be feen through twoor more fuch con- 
vex or concave-glalfes, every Glafs mail make a new Image, and 
the Objea ihall appear in the place and of thebignefs of the laft 
Image. Which confideration unfolds the Theory of Microfcopes 
and Tdefcopes.. For that Theory confifts in almoft nothing elfe,, 
than the defcribing fuch glaffes, as (hall make the laft Image of 

any 
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any object as diftinct and large and luminous, as it can conveni- 
ently be made. 

I have now given in Axioms and their Explications the fum 
of what hath hitherto been treated of in Opticks. For what 
hath been generally agreed on I content myfelf to aflume under 
the notion of Principles, in order to what I have farther to write. 
And this may fufhce for an introduction to readers of quick wit 
and good underftanding not yet verfed in Opticks : although thofe 
who are already acquainted with this fcience, and have handled 
Glaffes, will more readily apprehend what followeth. 
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PROP. I. T H E O R. I. 

Lights which differ in Colour, differ alfo in degrees of Refrangibility. 

The Proof by Experiments. 

Exper. I. I took a black oblong ftiff paper terminated by P^- W^Jj^ 
rallel fides, and, with a perpendicular right line drawn crofs from A *n Re- 
one fide to the other, diftinguilhed it into two equal parts. One frangibmty * 
of thefe parts I painted with a Red colour, and the other with a 
Blue. The paper was very black, and the colours intenfe and 
thickly laid on, that the phaenomenon might be more confpicu- 
ous. This paper I viewed through a Prifm of folid Glafs, whofe 
two fides, through which the light palled to the eye, were plane 
and well poliflied, and contained an angle of about fixty degrees : 
which angle I call the Refracting Angle of the Prifm. And 
whilft I viewed it, I held it and the prifm before a window, in 
fuch manner that the fides of the paper were parallel to the 
prifm, and both thofe fides and the prifm were parallel to the ho- 
rizon, and the crofs line was alfo parallel to it : and that the 
light, which fell from the Window upon the paper, made an an- 
gle with the paper, equal to that angle which was made with the 
fame paper by the light reflected from it to the Eye. Beyond 
the prifm was the wall of the chamber, under the window, co- 
vered over with black cloth ; and the cloth was involved in dark.- 
nefs, that no light might be reflected from thence, which in 
pafiing by the edges of the paper to the eye, might mingle it- 
ielf with the light of the paper, and obfcure the phenomenon 
thereof. Thefe things being thus ordered, I found that if the 
Refracting Angle of the Prifm be turned upwards, io that the 
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LigTits differ- paper may feem to be lifted upwards by the refraction, its Blue 
bgiaColyur half will be lifted higher by the retraction than its Red half. 
But if the Refracting Angle of the Prifm be turned downward, 
fo that the paper may feem to be carried lower by the refraction, 
its Blue half will be carried fomething lower thereby than its 
Red half. Wherefore, in both cafes, the Light, which comes 
from the Blue half of the paper through the prifm to the eye, 
does, in like circumftances, fuffer a greater refraction than the 
Light which conies from the Red half, and by confequence is 
■more Refrangible. 

Ilhijlration. In the eleventh figure, mn reprefents the win- 
dow, and de the paper terminated with parallel fides, dj and he, 
and by the tranfverfe line fg diftinguifhed into, two halfs : the 
one, dg, of" an intenfely Blue colour, the other, fe, of an in- 
tenfely Red. And Kkccab reprefents the prifm, whofe Refrac- 
ing Planes, h*ba and Acca, meet in the edge of the Refracting 
Angle Aa. This edge ka being upward, is parallel both to the 
horizon and to the parallel edges of the paper, dj and he; and 
the tranfverfe line fg is perpendicular to the plane of the win- 
dow: and de reprefents the Image of the paper feen by refrac- 
tion upwards, in fuch manner that .the Blue half, dg, is carried 
higher to dg than the Red half fe is to fe, and therefore fuffers 
a greater refraction. If the edge of the Refracting Angle be 
turned downward, the Image of the paper will be refraded 
downward, fuppofe to h ; and the Blue half will be refra&ed 
lower to than the Red half is to <* £ . 

Exper. 2. About the aforefaid paper, whofe two halfs were 
painted over with Red and Blue, and which was ftiff like thin 
pafte-board, I lapped feveral times a flender thread of very black 
iilk; m fuch manner, that the feveral parts of the thread might 
appear upon the colours, like fo many black lines drawn over 
them or like long and flender dark fnadows caft upon them. 
I might have drawn black lines with a P en, but the threads were 
mailer and better defined. This paper, thus coloured and lined, 
I fet agamft a wall perpendicularly to the horizon, fo that one of 
the colours might Hand to the right hand, and the other to the 

left. 
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left. Clofe before the paper, at the confine of the colours be- differ m Re- 
low, I placed a candle, to illuminate the paper ftrongly : for the trausibi!it > v 
experiment was tried in the night. The flame of the candle 
reached up to the lower edge of the paper, or a very little high- 
er. Then, at the diflance of fix feet and two or three inches 
from the paper, upon the floor I erected aglafs lens four inches 
and a quarter broad, which might coll e& the rays coming from 
the feveral points of the paper, and make them converge towards 
fo many other points, at the fame diftance of fix feet and one or 
two inches on the other fide of the lens ; and fo form the Image 
of the coloured paper upon a white paper placed there ; after the 
fame manner that a lens at a hole in a window cafts the Images of 
Objects abroad upon a lheet of white paper in a dark room. The 
aforefaid white paper, ere&ed perpendicular to the horizon and 
to the rays which fell upon it from the lens, I moved fometimes 
towards the lens, fometimes from it, to find the places where 
the images of the Blue and Red parts of the coloured paper ap- 
peared moft diftinct. Thofe places I eafily knew by the images 
of the black lines, which I had made by winding the filk about 
the paper. For the images of thofe fine and flender lines 
(which by reafon of their blacknefs were like lhadows on the 
colours) were confufed and fcarce vifible, unlefs when the colours 
on either fide of each line were terminated moft diftindly. No- 
ting therefore, as diligently as I could, the places where the images 
of the Red and Blue halfs of the coloured paper appeared moft 
diftinct, I found, that where the Red half of the paper appear- 
ed diftinct, the Blue half appeared confufed ; fo that the black 
lines drawn upon it could fcarce be feen ; and on the contrary, 
where the Blue half appeared moft diftinct, the Red half appear- 
ed confufed, fo that the black lines upon it were fcarce vifible. 
And between the two places, where thefe images appeared dif- 
tinct, there was the diftance of an inch and a half: the diftance 
of the white paper from the lens, when the image of the Red 
half of the coloured paper appeared moft diftinct, being greater 
by an inch and an half than the diftance of the fame white pa- 
per from the lens, when the image of the Blue half appeared 
• c a moft 
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Lights differ- moft diftina. In like Incidences therefore of the Blue and Red 
d&n°£"upon the lens, the Blue was refracted more by the lens than the 
fragility. Ret ^ fo as tQ conver g e fooner by an inch and a half, and there- 
fore is more Refrangible. 

Illnjlration. In the twelfth figure, de fignifies the coloured 
paper, dg the Blue half, fe the Red half, mn the lens, hj the 
white paper in that place where the Red half with its black lines 
appeared diftinct, and hi the fame paper in that place where the 
Blue half appeared diftinct. The place hi was nearer to the lens 
MN, than the place HJ, by an inch and an half. 

Scholium. The fame things fucceed, notwithstanding that fome 
of the circumftances be varied : as in the firft Experiment, when 
the prifm and paper are any ways inclined to the horizon, and 
in both when coloured lights are drawn upon very black paper. 
But in the defcription of thefe experiments, I have fet down fuch 
circumftances, by which either the phaenomenon might be ren- 
dered more confpicuous, or a novice might more eafily try them, 
or by which I did try them only. The fame thing I have often 
done in the following Experiments : concerning all which this 
one admonition may fufHce. Now from thefe Experiments it 
follows not, that all the light of the Blue is more refrangible 
than all the light of the Red : for both lights are mixed of rays 
differently refrangible, fo that in the Red there are feme rays 
not lefs refrangible than thofe of the Blue, and in the Blue there 
are fome rays not more refrangible than thofe of the Red : but 
thefe rays, in proportion to the whole light, are but few, and ferve 
to diminifh the event of the Experiment, but are not able to 
deftroy it. For if the Red and Blue colours were more dilute 
and weak, the diftance of the Images would be lefs than an inch 
and a half; and if they were more intenfe and full, that diftance 
would be greater, as will appear hereafter. Thefe Experiments 
may fufEce for the Colours of Natural Bodies. For in the Co- 
lours made by the Refraction of Prifms this Proportion will ap- 
pear, by the Experiments which are now to follow in the next 
Propofltion. 
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PROP. II. T H E O R. II. 

*tbe Light of the Sun cojtjijls of rays differently Refrangible. 

The Proof by Experiments. 

Exper. 3. In a very dark chamber, at around hole, about The^-Vi 
one- third part of an inch broad, made in the (hut of a window, a Com- 
I placed a glafs Prifm, whereby the beam of the fun's light, VOVHD ' 
which came in at the hole, might be refracted upwards toward 
the oppolite wall of the chamber, and there form a coloured 
Image of the fun. The axis of the prifm (that is, the line paf- 
fing through the middle of the prifm from one end of it to the 
other end parallel to the edge of the refracting angle) was in this 
and the following Experiments perpendicular to the Incident Rays. 
About this axis I turned the prifm (lowly, and faw the refracted 
light on the wall, or coloured image of the fun, firft to defcend, 
and then to afcend. Between the defcent and afcent, when the 
image feemed ftationary, I flopped the prifm, and fixed it in that 
pofture, that it mould be moved no more. For in that pofture 
the refractions of the light at the two fides of the refracting an- 
gle, that is at the entrance of the rays into the prifm, and at 
their going out of it, were equal to one another ( d ). So alfo in 
other Experiments, as often as I would have the refractions on 
both fides the prifm to be equal to one another, I noted the 
place, where the image of the fun, formed by the refracted 
light, flood ftill between its two contrary motions, in the com- 
mon period of its progrefs and regrefs ; and when the image fell 
upon that place, I made fall the prifm. And in this pofture, 
as the moft convenient, it is to be underftood that all the prifms 
are placed in the following Experiments, unlefs where fome other 
pofture is defcribed. The prifm therefore being placed in this 
pofture, I let the refracted light fall perpendicularly upon a 
fheet of white paper at the oppofite wall of the chamber, and 
obferved the figure and dimenfions of the Solar Image formed on 

( d ) Vid. Led, Opt. Part I. § 10, and Prop, xnv and xxvi, 
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them's the paper by that light. This image was oblong and not ovaJ, 
but terminated with two re&ilinear and parallel fides, and two 
femicircular ends. On its fides it was bounded pretty diilinaiy, 
but on its ends very confufedly and indiftinetly, the light there 
decaying and vanifhing by degrees. The Breadth of this image 
anfwered to the fun's diameter, and was about two inches and 
the eighth part of an inch, including the penumbra. For the 
image was eighteen feet and an half diftant from the prifm, and 
at this dittance that breadth, if diminifhed by the diameter of 
the hole in the window -mut, that is by a quarter of an inch, 
fubtendcd an angle at the prifm of about half a degree, which 
is the fun's apparent diameter. But the Length of the image 
was about ten inches and a quarter, and the length of the recti- 
linear fides about eight inches ; and the refracting angle of the 
prifm, whereby fo great a length was made, was 64 degrees. 
With a lefs angle the Length of the image was lefs, the Breadth 
remaining the fame. If the prifm was turned about its axis, 
that way which made the rays emerge more obliquely out of the 
fecond refraaing furface of the prifm, the image Ln became 
an inch or two longer, or more; and if the prifm was turned 
abou the contrary way, fo as to make the rays fall nwe ob- 
liquely on the firft refracting furface, the image foon became aa 
inch or two fhorter. And therefore in trying this experiment 
I was as curious as I could be in placing the prL, ly TJZve 

or he ra >s , a . the:r emergence out of the prifm, mipht be P 
qual to that at their incidence on it. The prifm had W ~ • 
running along, within the glaft, from one end to ST™ 

round the length of the image o> a • ™ " S i %J degrecs > 1 
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commit a miftake in placing the prifm in its due pofture, I re- a Com. 
peated the experiment four or five times, and always found the V0VKDt 
length of the image that which is fet down above. With an- 
other prifm, of clearer glafs and better polifh, which feemed free 
from veins, and whofe refraaing angle was 63! degrees, the 
length of this image, at the fame diftance of i8| feet, was alfo 
about to inches, or iof. Beyond thefe meafures, for about a 
■i or j of an inch, at either end of the fpe&rum, the light of 
the Clouds feemed to be a little tinged with Red and Violet ; but 
fo very faintly, that I fufpetted that tinaure might either whol- 
ly, or in great meafure, arife from fome rays of the fpearum 
fcattered irregularly by fome inequalities in the fubftance and po- 
lifh of the glafs, and therefore I did not include it in thefe mea- 
fures. Now the different magnitude of the hole in the window- 
fliut, and different thicknefs of the prifm, where the rays paffed 
through it, and different inclinations of the prifm to the hori- 
zon, made no fenfible changes in the Length of the image. Nei- 
ther did the different matter of the prifms make any : for in a 
veffel made of polifhed plates of glafs, cemented together in the 
lhape of a prifm and filled with water, there is the like fuccefs 
of the experiment according to the quantity of the refraction. 
It is farther to be obferved, that the rays went on in right lines 
from the prifm to the image ; and therefore at their very going 
out of the prifm had all that inclination to one another from 
which the length of the image proceeded, that is the inclination 
of more than two degrees and an half. And yet according to 
the Laws of Optics vulgarly received, they could not poffibly he 
fo much inclined to one another. For let eg Tin /% 1 3.] repre- 
fent the window-fhut, f the hole made therein,, through which 
a beam of the fun's light was tranfmitted into the darkned cham- 
ber, and abc a triangular imaginary plane, whereby the prifm 
is feigned to be cut tranfverfly through the middle of the light. 
Or if you pleafe, let abc reprefent the prifm irfclf, lookingdi- 
reaiy towards the fpe-aatofs eye with its nearer end: and M xy 
be the fun, mn the paper upon which the lolar image or fpeo 
trum is caft, and pt the image itfelf ; whole fides, towards iAmd 
™> are reaiUnear and parallel, and ends, towards p and t f !: - mi- 
circular-. 
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. circular. Ykhp and xljt are two rays ; the firft of which comes 
from the lower part of the fun to the higher part of the image, 
and is refraaed in the prifm at K and h; and the latter comes 
from the higher part of the fun to the lower part of the image, 
and is refraaed at l and j. Since the refrains on both fides 
the prifm are equal to one another, that is the refraaion at K 
equal to the refraaion at j, and the refraaion at l equal to the 
refraaion at h, fo that the refraaions of the incident rays at K 
and l taken together are equal to the refraaions of the emer- 
gent rays at h and j taken together : it follows, by adding equal 
things to equal things, that the refraaions at k and h taken to- 
gether, are equal to the refraaions at j and l taken together ; 
and therefore the two rays, being equally refraaed, have the 
fame inclination to one another after refraaion, which they had 
before ; that is the inclination of half a degree anfwering to the 
fun's diameter. For fo great was the inclination of the rays to 
one another before refraaion. So then, the Length of the image 
pt would, by the rules of vulgar Optics, fubtend an angle of 
half a degree at the prifm, and by confequence be equal to the 
breadth vw ; and therefore the image would be round ( e ). Thus 
it would be, were the two rays xljt and ykhp, and all the reft 
which form the image vwrv, alike refrangible. And therefore 
feeing by experience it is found that the image is not round, but 
about five times longer than broad, the rays, which going to the 
upper end p of the image fuffer the greateft refraaion, muft be 
more refrangible than thofe which go to the lower end T, unlefs 
the inequality of refraaion be cafual. 

This image or fpearum pt was coloured, being Red at its leaft 
refraaed end t, and Violet at its raoft refraaed end p, and Yel- 
low, Green and Blue in the intermediate fpaces. Which agrees 
with the firft Proportion, that lights which differ in Colour do 
alfo differ in Refrangibility. The length of the image in the 
foregoing Experiments I meafured from the fainteft and outmoft 
Red at one end, to the fainteft and outmoft Blue at the other end, 
excepting only a little penumbra, whofe breadth fcarce exceeded 
a quarter of an inch, as was faid above. 

O Vide Led. Opi. Part I. § 4—9. 
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Exper. 4. In the fun's beam which was propagated into the * 
room through the hole in the window-ihut, at the diftance of 11 
fume feet from the hole, I held the prifm in fuch a pofturc, that 
its axis might be perpendicular to that beam. Then I looked 
through the prifm upon the Hole, and turning the prifm to and 
fro about its axis, to make the image of the hole afcend ami de- 
feend; when between its two contrary motions it feemed itationa- 
ry, I flopped the prifm, that the refractions of both fides of the 
Refra&ing Angle might be equal to each other, as in the former 
Experiment. In this fituation of the prifm, viewing through it 
the faid hole, I obferved the Length of its refraaed image to be 
many times greater than its Breadth ; and that the moft refraaed 
part thereof appeared Violet, the leaft refraaed Red, the middle 
parts Blue, Green, and Yellow in order. The fame thing hap- 
pened when I removed the prifm out of the Sun's light, and look- 
ed through it upon the Hole fhining by the light of the Clouds 
beyond it. And yet if the refraaion were done regularly, ac- 
cording to one certain proportion of the fines of incidence and 
refraaion, as is vulgarly fuppofed, the refraaed image ought to 
have appeared round. 

So then, by thefe two Experiments it appears, that in equal 
Incidences there is a confiderable inequality of Refraaions. But 
whence this inequality ariles, whether it be that fome of the 
incident rays are refraaed more and others lefs, conftantly, or by 
chance ; or that one and the fame ray is by refraaion difturbed, 
mattered, dilated, and as it were fplit and fpread into many di- 
verging rays, as Qrimaldo iuppofes, does not yet appear by thefe 
Experiments, but will appear by thole that follow. 

Experts* Confidering therefore, that if in the third Experi- 
ment the image of the fun fnould be drawn out into an oblong 
form, either by a dilatation of every ray, or by any other cafual 
inequality of the refractions, the fame oblong image would, by 
a fecond refraaion made iideways, be drawn out as much in 
Breadth by the like dilatation of the rays, or other cafual ine- 
quality of the refraaions fideways ; I tried what would be the 
effeas of fuch a fecond refraaion. For this end I ordered all 
things as in the third Experiment ; and then placed a fecond prilm- 
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the Sdn^s immediately after the firft, in a crofs pofition to it, that it might 
LlGHT again refraft the beam of the fun's light, which came to it through' 
the firft. prifm. In the firft prifm this beam was refra&ed up- 
wards, and in the fecond Tideways. And I found, that by the re- 
fraction- of the fecond prifm the Breadth of the image was not 
mcreafed ; but its fuperior part, which in the firft prifm fuffered 
the greater refraction and appeared Violet and Blue, did again in. 
the fecond prifm fuffer a greater refraction than its inferior part,, 
which appeared Red and Yellow ; and this without any dilatation, 
of the image in Breadth. 

Ulnjiratmi. Let s [in /f;>-. 14] reprefent the fun; f the hole 
in the window ; abc the iirft prifm ; dh the fecond prifm ; y 
the round image of the fun, made by a direcfl beam of light 
when the prifms are taken away ; pt the oblong image of the 
fun, made by that beam paffing through the firft prifm alone, 
when the fecond prifm is taken away • and pt the image made by 
the crofs refractions of both prifms together. Now if the rays, 
which tend towards the feveral points of the round image, Y, 
were dilated and fpread by the refraction of the mil prifm, fo 
that they fhould not any longer go in flngle lines to fingle points, 
but that every ray being fplit, fhattered, and changed from a li- 
near ray to a fuperficies of rays diverging from the point of re- 
fraction, and lying in the plane of the angles of incidence and 
refraction, they fhould go in thofe planes to fo many lines reach- 
ing almoft from one end of the image pt to the other; and if 
that image fhould thence become oblong : thofe rays, and their 
feveral parts tending towards the feveral points of the image pt, 
ought to be again dilated and fpread Tideways by the tranfverfe 
refraction of the fecond prifm, fo as to compofe a four-fquare 
image, fuch as is reprefented at iff. For the better understand- 
ing of which, let the image pt be diftinguifhed into five equal 
parts pqx, kqrl, lrsm, msyn, nvt. And by the fame irregu- 
larity that the orbicular light y is, by the refraction of the firft 
prifm, dilated and drawn out into a long image pt ; the light 
pqk, which takes up a fpacc of the fame length and breadth 
with the light Y, ought to be, by the refraction of the fecond 
pnlm, dilated and drawn out into t he long image xqkp ; and the 
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light kqrl into the long image kqrl\ and the lights rlsm, msvn, * 
nvt, into lo many other long images lrsm, msvn, nvf i% and all P ° 
thefe long images would compofe the four-fquare image rP h Thus 
it ought to be, were every ray dilated by refraaion, and fpread 
into a triangular fuperficies of rays diverging from the point of 
refradion. For the fecond refraaion would fpread the ravs one 
way, as much as the firft doth another, and fo dilate the Wane 
in Breadth as much as the firft doth in Length. And the fame 
thing ought to happen, were fome ravs cafually refracted more 
than others. But the event is otherwife. The image pt was 
not made broader by the refraaion of the fecond prifm, but only 
oecame oblique, as it is reprefented at//; its upper end p being 
by the refraaion tranflated to a greater diftance than its lower 
end t. So then the light which went towards the upper end, p, 
or the image, was (at equal incidences) more refracted in the fe- 
cond prifm, than the light which tended towards the lower end 
t ; that is the Blue and Violet, than the Red and Yellow • and 
therefore was more refrangible. The fame light was, by the 
re Taction of the firft prifm, tranflated farther from the place y 
to which it tended before refraaion ; and therefore fuffered, as 
well 111 the firft prifm as in the fecond, a greater refraaion than 
the reft of the light, and by confequence was more refrangible 
than the reft, even before its incidence on the firft prifm. ' 

Sometimes I placed a third prifm after the fecond, and fome- 
times alfo a fourth after the third, by all which the image mi-ht 
be often refraaedfldeways: but the rays, which were more re- 
fracted than the reft in the firft prifm, were alfo more refracted 
in all the reft, and that without any dilatation of the imao- e fide- 
ways : and therefore thofe rays, for their conftancv of a greater 
refraction, are defervedly reputed more refrangible.' 

But that the meaning of this experiment' may more clearlv 
appear, it is to be confidered that the rays, which are equallv re- 
frangible, do rail upon a circle anfwering to the fun's difiquc. 
Fortius was proved in the third Experiment. Bv a circle 1 un- 
derftand not here a perfect geometrical circle ; but any orbicular 
figure, whofe length is equal to its breadth, and which, as to 
fenfe, may feem circular. Let therefore ag \}n Jig. 15] repre- 
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fent the circle, which all the moft refrangible rays, propagated 
from the whole difque of the fun, would illuminate and paint 
upon the oppofite wall, if they were alone ; el the circle, which 
all the leaft refrangible rays would, in like manner, illuminate 
and paint, if they were alone ; bh, cj, dk, the circles, which 
f© many intermediate forts of rays would fucceffively paint upon 
the wall, if they were lingiy propagated from the fun in fuccef- 
five order, the reft being always intercepted ; and conceive that 
there are other intermediate circles without number, which in- 
numerable other intermediate forts of rays would fucceffively 
paint upon the wall, if the fun fliould fucceffively emit every 
fort apart. And feeing the fun emits all thefe forts at once, they 
muft all together illuminate and paint innumerable equal circles ; 
of all which, being according to their degrees of refrangibility 
placed in order in a continual feries, that oblong fpearum, pt, 
is compofed, which I defcribed in the third Experiment. Now if 
the fun's circular image y, [in fig. 14, 15] which is made by an 
unrefracted beam of light, was, by any dilatation of the Angle 
rays, or by any other irregularity in the refraction of the firft 
prifm, converted into the oblong fpectrum, pt : then ought eve- 
ry circle, ag, bh, cj, &c. in that fpectrum, by the crofs refraction 
of the fecond prifm again dilating or otherwife fcattering the 
rays as before, to be in like manner drawn out and transformed 
into an oblong figure ; and thereby the Breadth of the image pt 
would be now as much augmented, as the Length of the image 
y was before by the refraction of the firft prifm ; and thus, by 
the refraction of both prifms together, would be formed a four- 
square figure p~J\ as I defcribed above. Wherefore, fmce the 
breadth of the fpectrum pt is not increafed by the refraaion 
lideways, it is certain that the rays are not fplit or dilated, or 
othcrways irregularly fcattered by that refraaion, but that every 
circle is, by a regular and uniform refraaion, tranflated entire into 
another place, as the circle ag, by the greateft refraaion, into 
the place ag; the circle bh, by a lefs refraaion, into the place 
bb\ the circle cj, by a refraaion ftill lefs, into the place ci; 
and io of the reft : by which means a new fpearum pt, inclined 
to the former pt, is in like manner compofed of circles lying 

in 
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in a right line ; and thefe circles muft be of the fame bignefs a 
with the former, becaufe the breadths of all the fpearums, Y, ?< 
ft and pt, at equal diftances from the prifms are equal. 

I concluded farther, that by the breadth of the hole f, through 
which the light enters into the dark chamber, there is a pe- 
numbra made in the circuit of the fpearum Y, and that pe- 
numbra remains in the reailinear fides of the fpearums pt and 
pt. I placed therefore at that hole a lens or objea-glafs of a te- 
lefcope, which might caft the image of the fun diftinaiy on y, 
without any penumbra at all ; and found that the penumbra of 
the reailinear fides of the oblong fpearums, pt and />/,,was alfo 
thereby taken away, fo that thofe fides appeared as diftinaiy de- 
fined, as did the circumference of the firft image Y. Thus it 
happens, if the glafs of the prifms be free from veins, and 
their fides be accurately plane, and well polifhed without thofe 
numberlefs waves or curies which ufually arife from fand- holes 
a little fmoothed with polifhing with putty. If the glafs be on- 
ly w r ell polifhed and free from veins, and the fides not accurately 
plane, but a little convex or concave, as it frequently happens ; 
yet may the three fpearums, y, pt and pt, Want penumbras, 
but not in equal diftances from the prifms. Now from this want 
of penumbras, I knew more certainly that every one of the cir- 
cles was refraaed according to fome moft regular, uniform, and 
conftant law. For if there were any irregularity in the refrac- 
tion, the right lines ae and gl, which all the circles in the fpec- 
trum p r do touch, could not by that refraaion be tranflated into 
the lines ae and gl, as diftina and ftraight as they were before ; 
but there would arife, in thofe tranflated lines, fome penumbra 
or crookednefs or undulation, or other fenfible perturbation con- 
trary to what is found by experience. Whatsoever penumbra or 
perturbation mould be made in the circles by the crofs refraaion 
of the fecond prifm, all that penumbra or perturbation would be 
confpicuous in the right lines ae and gl, which touch thofe circles. 
And therefore fince there is no fuch penumbra or perturbation in 
thofe right lines, there muft be none in the circles. Since the 
diftance between thofe tangents, or breadth of the fpearum, is 
not increafed by the refraaions, the diameters of the circles are 

not 
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The Sun's not increafed thereby. Since thofe tangents continue to be right 
' 1GHT 4ines, every circle, which in the firft prifm is more or lefs refrac- 
ted, is exactly in the fame proportion more or lefs refracted in 
the fecond. And feeing all thefe things continue to fucceed af- 
ter the fame manner, when the rays are again in a third prifm, 
and again in a fourth, refracted fideways ; it is evident, that the 
rays of one and the fame circle, as to their degree of refrangi- 
bility, continue always uniform and homogeneal to one another, 
and that thofe of feveral circles do differ in degree of refrangi- 
bility, and that in fome certain and conftant proportion. Which 
is the thing I was to prove. 

There is yet another circumftance or two of this Experiment, 
by which it becomes ftill more plain and convincing. Let the fe- 
cond prifm dh [iny%. 1 6] be placed not immediately after the 
firft, but at fome diftance from it ; liippofe in the mid-way be- 
tween it and the wall, on which the oblong fpedrum ft is caft; 
fo that the light from the firft prifm may fall upon it in the form 
of an oblong fpearum r?\ parallel to this fecond prifm, and be 
•refraded fideways to form the oblong fpc\Strum pt upon the wall. 
And you will find as before, that tins fpedrum pt is inclined to 
that fpearum pt, which the firft prifm forms alone without the 
fecond; the Blue ends p and p being farther diftant from one 
another, than the Red ones t and / ; and by <x>nfequence that 
the rays which go to the blue end, rr, of the image tt?, and which 
therefore fuffcr the greateft refraction in the firft prifm, are again 
in the fecond prifm more refracted than the reft. 

The fame thin S 1 tried alfo by letting the fun's light into a 
dark room through two little round holes, F and <p, [in /v. I? ] 
made in the window, and with two parallel prifms, arc and , 
placed at thofe holes (one at each) refraaing thofe two beams of 
light to the oppofite wall of the chamber ; in fuch manner that 
the two coloured images, pt and mn, which they there painted, 
were joined end to end, and lay in one ftraight line ; the Red end 
t of the one touching the Blue end m of the other. For if 
thefe two refraded beams were again, by a third prifm PH placed 
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erofs to the two firft, refracted fideways, and the fpe&rums there- a 
by tranflated to fome other part of the wall of the chamber, P 
fuppofe the fpearum pt to pt and the fpearum mn to mn ; thefe 
tranflated fpeclrnms, pt and mn> would not lie in one ftraight line 
with their ends contiguous as before, but be broken off from one 
another and become parallel ; the Blue end m of the image mn 
being, by a greater refraaion, tranflated farther from its former 
place mt, than the Red end / of the other image pt from the 
fame place mt ; which puts the Propofition paft difpute. And 
this happens whether the third prifm, dh, be placed immediately 
after the two. firft, or at a great diftance from them, fo that 
the light refradted in the two firft prifms be either white and cir- 
cular, or coloured and oblong, when it falls on the third ( f }„ 

Exper.6. In the middle of two thin boards I made round 
holes, a third part of an inch in diameter, and in the window- 
fliut a much broader hole being made, to let into my darkened 
chamber a large beam of the fun's light; I placed a prifm be- 
hind the ftiut in that beam, to refraa it towards the oppofite wall 
and clofe behind the prifm I fixed one of the boards, in fuch. 
manner that the middle of the refrafted light might pals through, 
the hole made in it, and. the reft be intercepted by the board- 
Then, at the diftance of about twelve feet from the firft board,. 
I fixed the other board; in fuch manner, that the middle of the. 
refra&ed light, which came through the hole in the firft board 
and fell upon the oppofite wall, might pafs through the hole in. 
this other board;, and the reft, being intercepted by the. board, 
might paint upon it the coloured fpearum of the fun. And 
clofe behind this board I fixed another prifm, to refraa the light, 
which came through the hole. Then I returned fpeedily to the 
firft prifm ; and by turning it flowly to and fro about its axis, I 
earned the image, which fell upon the fecond board, to move up 
and down upon that board, that all its parts might fucceffively. 
pafs through the hole in that l^pard, and tall upon the prifm be- 
hind it. And in the meantime, I noted the places on the op- 
pofite wall, to which that light, after its refraaion in. the fecond: 

"f n Y ; - v lc reformed by a fingle one having a black paper, with two round holes in it, palfed on~ 
tiic lice much is. turned to the light. Vide Lect. Opt. Paxt II. § 19. 
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t hb sw. prifm, didpafs - and by the difference of the places I found that 
LlC!,T the light, which being moft refracted in the firft prifm did go to 
the Blue end of the : vnage, was again more refracted in the fe- 
cond prifm, than the light which went to the Red end of that 
image ; which proves as well the firft Propofition as the feconcL 
And this happened whether the axis of the two prifms were pa- 
rallel, or inclined to one another and to the horizon in any given 
angles. 

Ilhijlration. Let f [in jig. 18] be the wide hole in the window 
fhut 5 through which the fun mines upon the firft prifm abc, 
and let the refracted light fall upon the middle of the board de, 
and the middle part of that light upon the hole g, made in the 
middle of that board. Let this trajefted part of the light fall 
again upon the middle of the fecond board, de, and there paint 
fuch an oblong coloured image of the fun, as was defcribed in 
the third Experiment. By turning the prifm abc flowly to and 
fro about its axis, this image will he made to move up and down 
the board de, and by this means all its parts, from one end to 
the other, may be made to pafs fucceffively through the hole g, 
which is made in the middle of that board. In the mean while 
another prifm, abc, is to be fixed next after that hole j?-, to refract 
the trajefted light a fecond time. And thefe things being thus 
ordered, I marked the places, m and n, of the oppofite wall 
upon which the ref rafted light fell ; and found, that whilft the 
two boards and fecond prifm remained unmoved, thofe places, 
by turning the firft prifm about its axis, were changed perpetu- 
ally. For when -the lower part of the light, which fell upon 
the fecond board, de, was caft through the hole, g, it went to a 
lower place, m, on the wall ; and when the higher part of that 
light was caft through the fame hole, g, it went to a higher place, 
K, on the wall ; and when any intermediate part of the light was 
caft through that hole, it went to fome place 011 the wall be- 
tween m and n* The unchanged pofition of the holes in the 
boards made the incidence of the rays upon the fecond prifm to 
be the lame in all cafes. And yet, in that common incidence, 
fome of the rays were more ref rafted and others lefs. And thofe 
were more refracted in this prifm, which, by a greater refraftion 
5 in 
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in the firft prifm, were more turned out of the way ; and there- * Com- 
fbre, for their conftancy of being more refrafted, are defervediy vovtUH 
palled more refrangible. 

Expex. 7. At two holes made near one another in my window- 
flhut l placed two prifms, one at each ; which might caft upon 
the oppofite wall (after the manner of the third Experiment) 
two oblong coloured images of the fun. And at a little diftance 
from the wall, I placed a long (lender paper with ftraight and pa- 
rallel edges, and ordered the prifms and paper fo, that the Red 
colour of one image might fall direftly upon one half of the pa- 
per, and the Violet colour of the other image upon the othet 
half of the fame paper : fo that the paper appeared of two co- 
lours, Red and Violet, much after the manner of the painted 
gaper in the firft and fecond Experiments. Then with a black 
cloth I covered the wall behind the paper,, that no. light might be 
reflected from it to difturb the Experiment 1 and viewing the 
paper through a third prifhi held parallel to it, I faw that half 
qf it, which was illuminated by the Violet light, to be divided 
fcora the other half by a greater refraftion, efpecially when I 
went a good way off from the paper, For when I viewed it too 
near at hand, the two halfs of the paper did not appear fully 
divided from one another, but feemed contiguous at one of their 
angles, like the painted paper in the firft Experiment. Which 
alfb happened when the paper was too broad. 

Sometimes inftead of the paper I ufed a white thread; and this 
appeared through the prifm divided into two parallel threads, as 
is reprefented in the nineteenth figure ; where dg denotes the 
thread illuminated with Violet light from d to e, and with Red 
light from f to g, and edfg are the parts of the thread feen by 
refraftion. If one half of the thread be conftantly illuminated 
with Red, and the other half be illuminated with all the colours 
fucceffively (which may be done by caufing one of the prifms 
to be turned about its axis whilft the other remains unmoved) 
this other half, in viewing the thread through the prifm, will 
appear in a continued right line with the firft half when illumi- 
nated with Red ; and begin to be a little divided from it, when 
illuminated w r ith Orange ; and remove farther from it, when il- 
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the Sun*i ruminated With Yellow ; and ftill farther when with Green ; and 
LlGHT farther when with Blue ; and go yet farther off, when illumi- 
nated with Indigo ; and fartheft when with deep Violet. Which 
plainly fhews, that the lights of feveral colours are more and 
more refrangible from one another, in this order of their co- 
lours ; Red, Orange, Yellow, Green, Blue, Indigo, deep Violet ; 
and fo proves as well the firft Proportion as the fecond. 

I caufed alfo the coloured fpe£trums pt [in fig. 17] and mn, 
made in a dark chamber by the refractions of two prifms, to lie 
in a right line end to end, as was defcribed above in the fifth Ex- 
periment ; and viewing them through a third prifm, held paral- 
lel to their length, they appeared no longer in a right line, but 
became broken from one another, as they are reprefented at pt 
and mn\ the Violet end, m, of the fpectrum, mn, being by a 
greater refraaion tranflated farther from its former place, mt, 
than the Red end, /, of the other fpearum pt. 

I farther caufed thofe two fpedrums pt [in fig. 20] and mn 
to become co- incident, in an inverted order of their colours, the 
Red end of each falling on the Violet end of the other, as they 
are reprefented in the oblong figure ptmn ; and then viewing 
them through a prifm dh held parallel to their length, they ap- 
peared not co incident as when viewed with the naked eye, but 
in the form of two diftinft fpe&rums pt and mn crofting one an- 
other in the middle after the manner of the letter x. Which 
mews, that the Red of the one fpearum and Violet of the other, 
which were co-incident at PN and mt, being parted from one 
another, by a greater refraaion of the Violet to p and m, than 
of the Red to » and /, do differ in degrees of refrangibility 

I illuminated alfo a little circular piece of white paper all over, 
with the lights of both prifms intermixed; and when it was il- 
luminated with the Red of one fpearum and deep Violet of the 
other fo as by the mixture of thofe colours to appear all over 
Purple, I viewed the paper, firft at a lefs diftance and then a 
^ hat ^Prifin; an d as I went from the paper) 
he refraaed image thereof became more and more divide/ by 
the unequal refraaion of the two mixed colours, and at Wtl 
Parted mto two diftina images, a R ed one and a V^d onf; 
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whereof the Violet was fartheft from the paper, and therefore a Com- 
fufFered the greateft refraaion. And when the prifm at the win- rouND ' 
dow, which call the violet on the paper, was taken away, the 
Violet image difiippeared ; but when the other prifm was taken 
away, the Red vanimed : which ftiews, that thefe two images 
were nothing elfe than the lights of the two prifms, which had 
been intermixed on the purple paper, but were parted again, by 
their unequal refraaions, made in the third prifm, through 
which the paper was viewed. This alfo was obfervable, that if 
one of the prifms at the window, fuppofe that which caft the 
Violet on the paper, was turned about its axis to make all the co- 
lours in this order, Violet, Indigo, Blue, Green, Yellow, Orange, 
Red, fall fucceffively on the paper from that prifm, the Violet 
image changed colour accordingly, turning fucceffively to Indi- 
go, Blue, Green, Yellow and Red; and in changing colour came 
nearer and nearer to the Red image made by the other prifm, 
until, when it was alfo Red, both images became fully co-in- 
cident. 

I placed alfo two paper-circles very near one another, the one 
in the Red light of one prifm, and the other in the Violet light 
of the other. The circles were each of them an inch in dia- 
meter, and behind them the wall was dark, that the Experiment 
might not be difturbed by any light coming from thence. Thefe 
circles thus illuminated, I viewed through a prifm, fo held that 
the refraaion might be made towards the Red circle, and as I 
went from them they came nearer and nearer together, and at 
length became co-incident ; and afterwards when I went ftill far- 
ther off, they parted again in a contrary order, the Violet by a 
greater refraaion being carried beyond the Red. 

Exper. 8. In Summer, when the fun's light ufes to be ftrong- 
eft, I placed a prifm at the hole, of the window-frmt, as in the 
third Experiment, yet fo that its axis might be parallel to the 
axis of the World, and at the oppofite wall, in the fun's refraaed 
light, I placed an open book. Then going fix feet and two 
inches from the book, I placed there the above-mentioned lens, 
by which the light, refkaed from the book, might be made to 
.converge and meet again at the diftance of fix feet and two inches 
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behind the lens, and there paint the fpecies of the book upon a 
fheet of white paper, much after the manner of the fecond Ex- 
periment. - The book and lens being made faft, I noted the place 
where the paper was, when the letters of the book, illuminated 
by the fulleft Red light of the folar image falling upon it, did 
call their fpecies on that paper moft diftin&ly : and then I flayed, 
till by the motion of the fun, and confequent motion of his 
image on the book, all the colours from that Red to the middle 
of the Blue paffed over thofe letters ; and when thofe letters were 
illuminated by that Blue, I noted again the place of the paper, 
when they caft their fpecies moft diftin£tly upon it : and I found 
that this laft place of the paper was nearer to the lens, than its 
former place, by about two inches and an half, or two and three 
quarters. So much fooner therofore did the light in the Violet 
end of the image, by a greater refraction, converge and meet, 
than the light in the Red end. But in trying this the chamber 
was as dark as I could make it. For if thefe colours be diluted 
and weakened by the mixture of any adventitious light, the dif- 
tance between the places of the paper will not be fo great. This 
diftance, in the fecond Experiment, where the colours of Natu- 
ral Bodies were made ufe of, was but an inch and an half, by 
reafon of the imperfection of thofe colours. Here, in the co- 
lours of the Prifm, which are manifeftly more full, intenfe, and 
lively than thofe of Natural Bodies, the diftance is tw o inches and 
three quarters. And were the colours ftill more full, I queftion 
not but that the diftance would be confiderably greater. For the 
coloured light of the prifm, by the interfering of the circles de- 
ferred in the fecond figure of the fifth Experiment, and alfo by 
the light of the very bright clouds next the fun's body intermix- 
ing with thefe colours, and by the light fcattered by the inequa- 
lities in the polifh of the prifm, was fo very much compounded, 
that the fpecies, which thofe faint and dark colours, the Indigo 
and Violet, caft upon the paper, were not diftina enough to be 
well obferved. 

Exper. 9. A prifm, whofe two angles at its bafe were equal to 
one another and half right ones, and the third a right one, I 
placed in a beam of the fun's light let into a dark ehambeF, 
4 through 
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through a hole in the window-fhut, as in the third Experiment, a Cbm- 
And turning the prifm flowly about its axis, until all the light *° UND ' 
which went through one of its angles, and was refracted by it, 
began to be reflected by its bafe, at which till then it went out of 
the glafs ; I obferved that thofe rays, which had fuffered the 
greateft refraaion, were fooner reflected than the reft. I con- 
ceived therefore that thofe rays of the Reflected light, which were 
moft Refrangible, did firft of all, by a total reflexion, become 
more copious in that light than the reft ; and that afterwards the 
reft alfo, by a total reflexion, became as copious as thefe. To 
try this, I made the Reflected light pafs through another prifm, 
and being refracted by it to fall afterwards upon a fheet of white 
paper placed at fome diftance behind it; and there, by that Refrac- 
tion, to paint the ufual colours of the prifm. And then caufing 
the firft prifm to be turned about its axis as above, I obferved 
that when thofe rays, which in this prifm had fuffered the great- 
eft refraaion, and appeared of a Blue and Violet colour, began 
to be totally refleaed, the Blue and Violet light on the paper, 
which was moft refraaed in the fecond prifm, received a fenfi- 
ble increafe above that of the Red and Yellow, which was leaft 
refraaed ; and afterwards when the reft of the light, which was 
Green, Yellow and Red, began to be totally refleaed in the firft 
prifm, the light of thofe colours on the paper received as great 
an increafe, as the Violet and Blue had done before. Whence 
it is manifeft, that the beam of light refleded by the bafe of the 
prifm, being augmented firft by the more refrangible rays, and 
afterwards by the lefs refrangible ones, is compounded of rays 
differently refrangible. And that all fuch Refleaed light is of 
the fame nature with the fun's light, before its incidence on the 
bafe of the prifm, no man ever doubted : it being generally al- 
lowed, that light, by fuch reflexions, fuffers no alteration in its 
modifications and properties. I do not here take notice of any 
refraaions made in the fides of the firft prifm, becaufe- the light 
enters it perpendicularly at the firft fide, and goes out perpendi- 
cularly at the fecond fide, and therefore ftifft-ys none. So then, 
the fun's incident light being of the fame temper awl convKtutior* 
with his emergent light, and the laft being compounded of rays. 

differently 
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the Sun's different! y refrangible, the firft mult be in like manner com- 
pounded. 

Illujlratwn. In the twenty-firft figure, abc is the firft prifm ; 
bc its bafe ; b and c its equal angles at the bafe, each of 45 de- 
grees ; a its rectangular vertex ; fm a beam of the fun's light, 
let into a dark room through a hole, f, one third part of an inch 
broad ; m its incidence on the bale of the prifm ; mg a lefs re- 
fracted ray; mh a more refracted ray; mn the beam of light 
reflected from the bafe ; vxy the fecond prifm, by which this 
beam, in pafling through it, is refracted; n/ the lefs refracted 
light of this beam ; and up the more refracted part thereof. 
When the firft prifm, abc, is turned about its axis, according 
to the order of the letters abc, the rays mh emerge more and 
more obliquely out of that prifm, and at length after their moft 
oblique emergence are refteaed towards n, and going on to p 
. do increafe the number of the rays Np. Afterwards by continu- 
ing the motion of the firft prifm, the rays mg are alfo reflected 
to n, and increafe the number of the rays ut. And therefore 
the light mn admits into its compofition, firft the more refrangi- 
ble rays, and then the lefs refrangible rays ; and yet, after this 
compofition, is of the fame nature with the fun's immediate light 
fm, the reflexion of the fpecular bafe bc caufing no alteration 
therein (g). 

Exper. 10. Two prifms, which were alike in ftiape, I tied fo 
together, that their axes and oppofite fides being parallel, they 
compofed a parallelepiped. And, the fun ihining into my dark 
chamber through a little hole in the window-tout, I placed that 
parallelepiped in his beam at fome diftance from the hole, in fuch 
a pofture, that the axes of the prifms might be perpendicular 
to the incident rays; and that thofe rays, being incident upon 
the firft fide of one prifm, might go on through the two conti- 
guous fides of both prifms, and emerge out of the laft fide of the 
fecond prifm. This fide, being parallel to the firft fide of the 
firft pnlm, caufed the emerging light to be parallel to the inci- 
dent Then^ beyond thefe two prifms I placed a third, which 
might refract that emergent light, and by that refrain caft 

( g ) Vid. Left. Opt. Part II. § 7I — n , 

the 
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the ufual colours of the prifm upon the oppofite wall, or upon a 
a meet of white paper, held at a convenient diftance behind the " 
prifm, for that refraaed light to fall upon it. After this I turn- 
ed the parallelepiped about its axis ; and found, that when the con- 
tiguous fides of the two prifms became fo oblique to the inci- 
dent rays, that thofe rays began all of them to be reflected, 
thofe rays, which in the third prifm had fuffered the greateft Re- 
fraaion and painted the paper with Violet and Blue, were firft 
of all by a total Reflexion taken out of the tranfmitted light ; the 
reft remaining, and on the paper painting their colours of Green, 
Yellow, Orange, and Red, as before ; and afterwards by conti- 
nuing the motion of the two prifms, the reft of the rays alfo, 
by a total Reflexion, vanilhed in order, according to their degrees 
of Refrangibility. The light therefore, which emerged out of 
the two prifms, is compounded of rays differently refrangible,- 
feeing the more refrangible rays may be taken out of it; while 
the lefs refrangible remain. But this light, being trajeaed only 
through the parallel fuperficies of the two prifms, if it fuffered 
any change by the refraaion of one fuperficies, it loft that im- 
preflion by the contrary refraaion of the other fuperficies ; and 
fo, being reftored to its priftine conftitution, became of the fame 
nature and condition as at firft, before its incidence on thofe 
prifms; and therefore, before its incidence, was as much com- 
pounded of rays differently refrangible, as afterwards. 

Illujlration. In the twenty-fecond figure, abc and bcd are the 
two prifms tied together in the form of a parallelepiped, their 
fides bc and cb being contiguous, and their fides ab and cd pa- 
rallel. And hjk is the third prifm, by which the fun's light, 
propagated through the hole f into the dark chamber, and there 
pafling through thofe fides of the prifms, ab, bc, cb and cd, is 
refraaed at o to the white paper pt ; falling there partly upon 
P by a greater refraaion, partly upon t by a lefs refraaion, and 
partly upon r, and other intermediate places, by intermediate re- 
fraaions. By turning the parallelepiped acbd about its axis, ac- 
cording to the order of the letters a, c, d, b, at length when 
the contiguous planes, bc and cb, become fufliciently oblique to 
the rays fm, which are incident upon them at m, there will va- 
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nifli totally out of the refraaed light oft, firft of all the moft 
refracted rays op, (the reft or and ot regaining as before) then 
the rays or, and other intermediate ones, and laftly, the leaft re- 
fracted rays ot. For when the plane bc becomes fufficiently ob- 
lique to the rays incident upon it, thofe rays will begin to be to- 
tally reflected by it towards n ; and firft the moft refrangible 
rays will be totally reflected (as was explained in the preceding 
Experiment) and by confequence muft firft difappear at p ; and 
afterwards the reft, as they are in order totally reflected to n, 
they muft appear in the fame order at r and t. So then the rays, 
which at o fuffer the greateft refraction, may be taken out of the 
light mo, whilft the reft of the rays remain in it ; and therefore 
that light mo is compounded of rays differently refrangible. 
And becaufe the planes ab and cd are parallel, and therefore by 
equal and contrary refractions deftroy one anothers effects, the 
incident light fm muft be of the fame kind and nature with the 
emergent light mo, and therefore doth alio confift of rays diffe- 
rently refrangible. Thefe two lights, fm and mo, before the 
moft refrangible rays ace feparated out of the emergent light mo, 
agree, in colour, and in all other properties lb far as my ohfer- 
vation reaches ; and therefore are defervedly reputed of the fame 
nature and conftitutipn,. and by confequence the one is com- 
pounded as well as the other. But after the moft refrangible 
rays begin to be totally refkaed, and thereby feparated out of 
the emergent light mo, that light changes its colour from White 
to a dilute and faint Yellow, a pretty good Orange, a very full 
Red fucceflively, and then totally vaniflies. For after the moft 
refrangible rays, which paint the paper at p with a Purple co* 
lour, are, by a total reflexion, taken out of the beam of light 
mo ; the reft of the colours, which appear on the paper at R and 
t, being mixed in the light mo, compound there a faint Yellow: 
and after the Blue and part of the Green which appear on the 
paper between p and r are taken away ; the reft, wliich appear be- 
tween r and t, that is the Yellow, Orange, Red, and a little 
Green, being mixed in the beam mo compound there an Orange; 
and when all the rays are by reflexion taken out of the beam MO, 
except the leaft refrangible, which at t appear of a full Red, 

their 
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their colour is the fame in that beam mo, as afterwards at t, the a 
refraction of the prifm hjk ferving only to fepafate the different- P 
■ ly refrangible rays, without making any alteration in their Co- 
lours, as mail be more fully proved hereafter. All which con- 
firms as well the firft Propofition as the fecond. 

Scholium. If this Experiment and the former be conjoined 
and made one, by applying a fourth prifm vxy [in fig. 22] to re- 
fract the reflected beam mn towards pt, the conclufion will be 
clearer. For then the light n/>, which in the fourth prifm is 
more refracted, will become fuller and ftronger when the light 
op, which in the third prifm hjk is more refraaed, vaniflies at 
p ; and afterwards, when the lefs refraaed light, ot, vaniflies at 
t, the lefs refraaed light n/ will become encreafed, whilft the 
more refraaed light at p receives no farther encreafe. And as the 
trajeaed beam, mo, in vanifliing is always of fuch a colour, as 
ought to refult from the mixture of the colours which fall upon 
the paper pt, fo is the refkaed beam, mn, always of fuch a co- 
lour, as ought to refult from the mixture of the colours which 
fall upon the paper pt. For when the moft refrangible rays are, 
by a total reflexion, taken out of the beam mo, and leave that 
beam of an Orange colour, the excefs of thofe rays in the re- 
fleaed light, does not only make the Violet, Indigo and Blue at 
p more full, but alfo makes the beam mn change from the yel- 
lowifli colour of the fun's light, to a pale White inclining to 
Blue, and afterward recover its yellowifli colour again, fo foon as 
all the reft of the tranfmitted light mot is reflected. 

Now feeing that in all this variety of Experiments, whether 
the trial be made in light Refleaed, and that either from Natural 
Bodies, as in the firft and fecond Experiment, or Specular, as in 
the ninth ; or in light Refraaed, and that, either before the un- 
equally refraaed rays are, by diverging, feparated from one an- 
other, and lofing their whitenefs which they have altogether, 
appear feverally of feveral colours, as in the fifth Experiment ; 
or after they are feparated from one another, and appear colour- 
ed as in the fixth, feventh, and eighth Experiments ; or in light 
trajeaed through parallel fuperficies, deftroying each others ef- 
fects, as in the tenth Experiment ; there are always found rays, 
Vol. IV. f which 
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The Son's which at equal incidences on the fame Medium fuffer unequal re- 
c!)m H pob A nd. fractions ; and that without any fplitting or dilating of fingle 
rays, or contingence in the inequality of the refractions, as is 
proved in the fifth and lixth Experiments : and feeing the rays 
which differ in refrangibility may be parted and forted from one 
another; and that either by Refraction, as in the third Experiment, 
or by Reflexion, as in the tenth ; and then the feveral forts apart 
at equal incidences fuffer unequal refractions, and thole forts are 
more refracted than others after reparation, which were more re- 
ff acted before it, as in the* lixth and following Experiments ; and 
if the Sun's light be trajected through three or more crofs prifms 
fucceffively, thole rays, which in the firft prifm are refracted 
more than others, are in all the following prifms refra&ed more 
than others in the fame rate and proportion, as appears by the 
fifth Experiment : it is manifeft, that the Sun's Light is an Hete- 
rogeneous Mixture of rays, fome of which are conitantly more 
Refrangible than others, as was propofed. 

PRO P. III. T H E O R. III. 

the Surfs light confijls of rays differing in Reflexibility, and thofe rays 
are more reflexible than others, which are more refrangible. ' 
This is manifeft by the ninth and tenth Experiments : for in 
the ninth Experiment, by turning the prifm about its axis, until 
the rays within it, which in going out into the air were refracted 
by its bafe became fo oblique to the bafe, as to begin to be to- 
tally reflected thereby ; thofe rays became firft of all totally re- 
flected, which before, at equal incidences with the reft, had fuf- 
fered the greateft refraction. And the fame thing happens in the 
reflexion made by the common bafe of the two prifms in the 
tenth Experiment. 



PROP. IV. PRO B. I. 

to fepar ate from one another the Heterogeneous rays of Compound 

Light \ 

3SS5,f The >f "Pseneo™ rays are in fome meafure fenced from 
one another by the region of the prifm, in the third E^Z 

ment ; 
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ment ; and in the fifth Experiment, by taking away the penum- »\ to its con - 
bra from the rectilinear fides of the coloured image, that fepa- fUWent Pa ' tS ' 
ration in thofe very rectilinear fides or ftraight edges of the image 
becomes perfeft. Rut in all places between thofe rectilinear 
edges, thofe innumerable circles there defcribed, which are fe- 
derally illuminated by homogeneal rays, by interfering with one 
another, and being every where commixed, do render the light, 
fufficiently compound. But if thefe circles, whilft their centers 
keep their diftances and politions, could be made lefs in diameter, 
their interfering one with another, and by confequence the mix- 
ture of the heterogeneous rays would be proportionally dimi- 
nifhed. In the twenty-third figure let ag, bh, cj, dk, el, fm 
be the circles, which fo many forts of rays, flowing from the 
fame difque of the fun, do in the third Experiment illuminate ; 
of all which and innumerable other intermediate ones, lying in 
a continual feries between the two rectilinear and parallel edges 
of the fun's oblong image pt, that image is compofed; as was 
explained in the fifth Experiment. And let ag, bh, ci, dk, eljm, 
be lb many lefs circles, lying in a like continual feries between 
two parallel right lines of and gm, with the fame diftances be- 
tween their centers, and illuminated by the fame forts of rays ; 
that is, the circle ag with the fame fort by which the correfpond- 
ing circle ag was illuminated ; and the circle bh with the fame 
fort by which the correfponding circle bh was illuminated ; and 
the reft of the circles, ci, dk, el, fm, refpectively, with the fame 
forts of rays by which the feveral correfponding circles, cj, dk, 
el, fm, were illuminated. In the figure, pt, compofed of the 
greater circles, three of thofe circles, ag, bh, cj, are fo expand- 
ed into one another, that the three forts of rays by which thofe 
circles are illuminated, together with other innumerable forts of 
intermediate rays, are mixed at qr in the middle of the circle 
eh. And the like mixture happens throughout almoft the whole 
length of the figure pt. But in the figure, pt, compofed of the 
lefs circles, the three lefs circles, ag, bh, ci, which anfwer to thofe 
three greater, do not extend into one another ; nor are there any 
where mingled fo much as any two of the three forts of rays, 
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Torefoivetheby which thofe circles are illuminated, and which in the figure 
s«iar Light pTare aUof t hem intermingled at bh. 

Now he that mail thus conlider it, will eafily underftand, that 
the mixture is diminilhed in the fame proportion with the diame- 
ters of the circles. If the diameters of the circles, whilft their 
centers remain the fame, be made three times lefs than before,, 
the mixture will be alfo three times lefs ; if ten times lefs, the 
mixture will be ten times lefs, and fo of other proportions^ 
That is, the mixture of the rays in the greater figure, pt, will 
be to their mixture in the lefs, pt, as the latitude of the greater 
figure is to the latitude of the lefs. For the latitudes of thefe 
figures are equal to the diameters of their circles. And hence it 
eafily follows, that the mixture of the rays in the refracted fpec- 
trum, pt, is to the mixture of the rays in the direct and imme- 
diate light of the fun, as the breadth of that fpectrum is to the 
difference between the length and breadth of the fame fpectrum. 

So then, if we would diminifh the mixture of the rays, we 
are to diminifh the diameters of the circles. Now thefe would 
be diminilhed if the fun's diameter to which they anfwer could 
be made lefs than it is, or (which comes to the fame purpofe) if 
without doors, at a great diftance from the prifm towards the 
fun, fome opake body were placed, with a round hole in the 
middle of it, to intercept all the fun's light, excepting fo much 
as, coming from the middle of his body, could pafs through that 
hole to the prifm. For fo the circles ag, bh, and the reft, would 
not any longer anfwer to the whole difque of the fun, but only 
to that part of it, which could be feen from the prifm through 
that hole, that it is to the apparent magnitude of that hole view- 
ed from the prifm. But that thefe circles may anfwer more dif- 
tinctly to that hole, a lens is to be placed by the prifm to caft 
the image of the hole, (that is, every one of the circles ag, bh, 
&c.) diltinaiy upon the paper at pt ; after fuch a manner as by 
a lens, placed at a window, the fpecies of objeds abroad are caft 
diftindtly upon a paper within the room, and the rectilinear fides 
of the oblong folar image in the fifth Experiment became diftinft 
without any penumbra. If this be done, it wilt not be neceffary 
to place that hole very far off, no not beyond the window. And 

therefore 
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therefore inftead of that hole, I ufed the hole in the window- into its con. 

ftlUt aS follows. ftaParu 

Exper* 11. In the fun's light let into my darkened chamber, 
through a final 1 round hole in my window -fhut, at about ten or 
twelve feet from the window, I placed a lens, by which the image 
of the hole might be distinctly caft upon a meet of white paper, 
placed at the diftance of fix, eight, ten or twelve feet from the 
lens. For according to the difference of the lenfes 1 ufed various 
diftance^, which I think not worth the while to defcribe. Then 
immediately after the lens I placed a prifm, by which the trajec- 
ted light might be refracted either upwards or fideways, and 
thereby the round image, which the lens alone did caft upon the 
paper, might be drawn out into a long one with parallel fides, 
as in the third Experiment. This oblong image I let fall upon 
another paper, at about the fame diftance from the prifm as be- 
fore, moving the paper either towards the prifm or from it, un- 
til I found the juft diftance where the rectilinear fides of the im- 
age became moft diltinct. For in this cafe, the circular images 
of the hole which compofe that image, after the fame manner 
that the circles ag, bh, ci, &x. do the figure/)/ [in fig. 23] were 
terminated moft diftindtly without any penumbra, and therefore 
extended into one another the leaft that they could, and by con- 
fequence the mixture of the heterogeneous rays was now the 
leaft of all. By this means I ufed to form an oblong image (fuch 
as is pi) [in fig. 23 and 24] of circular images of the hole (fuch 
as are ag, bh, ci, &c.) and by ufing a greater or lefs hole in the 
window-lhut, I made the circular images ag, bh, ci, &x. of which 
it was formed, to become greater or lefs at pleafure, and thereby 
the mixture of the rays in the image pt to be as much or as little 
as I delired. 

Iilujiration. In the twenty-fourth figure, f reprefents the cir- 
cular hole in the window-flint ; mn the lens whereby the image 
of fpecies of that hole is caft distinctly upon a paper at j ; abc 
the prifm, whereby the rays are, at their emerging out of the 
lens, refracted from j towards another paper at pt, and the round 
image at j is turned into an oblong image, pt, falling on that 
other paper. This image, pt, confifts of circles placed one after 

^ another 
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* another in a rectilinear order, as was fufficiently explained in the 
fifth 'Experiment ; and thefe circles are equal to the circle j, and 
confcquently anfwer in magnitude to the hole f ; and there- 
fore by diminiihing that hole they may be at pleafure diminifh- 
e:1, whilft their centers remain in their places. By this means 
T made the breadth of the image pt to be forty times, and fome- 
times fixty or {even times lefs than its length. As for inftance, 
if the breadth of the hole f be one tenth of an inch, and mf 
the distance of the lens from the hole be 12 feet ; and if pB or 
pM the diftance of the image pt from the prifm or lens be 10 
feet, and the Refracting angle of the prifm be 62 degrees, the 
breadth of the image pt will be one twelfth of an inch, and the 
length about fix inches ; and therefore the length to the breadth 
as 72 to 1, and by confequence the light of this image 7 1 times 
lefs compound than the fun's direa light. And light thus far 
fimple and homogeneal, is fufficient for trying all the Experi- 
ments in this Book about Simple Light. For the compofition of 
heterogeneal rays is in this light fo little, that it is fcarce to be 
difcovered and perceived by fenfe, except perhaps in the Indio o 
and Violet. For there, being dark colours, do eafilv fuffer a fe!- 
fible allay by that little fcattering light, which ules to be refrac- 
ted irregularly by the inequalities of the prifm. 

Yet iuf ea ! of the circular hole f, it is better to fubftitute an 
oblong hole, fhaped like a long parallelogram with its length pa- 
nule to the prifm abc. For if this hole be an inch or two lone, 
and but a tenth or twentieth part of an inch broad, or narrower : 
the hght or the images will be as fimple as before, or fimpler, 
and he image will become much broader, and therefore nJe fi 
to have experiments tried in its light than before. 

Inftead of this parallelogram -hole may be fubftituted a trian- 

fenth °Z J e(10al f"' ; Vh ° fe f ° r inft — is ^ut the 
tenth pait of an inch, and its height an inch or more. For by 

t-s means, it the axis of the prifm be parallel to the perpend 

%e 5 ^*? neS ahfwerin * to the hole in 

mapeandbignefc, and ly mg one after another in a continual fe- 

ries 
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ries between two parallel lines af zn&gm Thefe triangles are a ; -«> 
little intermingled at their bafts, but not at their vertices; ? u\ lHu ' 
therefore the light on the brighter fide af of the image, where 
the bafes of the triangles are, is a little compounded, but on the 
darker fide gm is altogether uncompounded, and in all places be- 
tween the fides the compofition is proportional to the dillances of 
the places from that obicurer fide gm. And having a fpccUium 
pt of fuch a compofition, we may try experiments either in its 
ftronger and lefs fimple light near the fide af, or in its weaker 
and fimple light near the other fide gm, as it lhall feem molt con- 
venient. 

But in making experiments of this kind the chamber ought 
to be made as dark as can be, lfjft any foreign light mingle itfelf 
with the light of the fpearum pt, and render it compound; 
efpecially if we would try experiments in the more fimple light 
next the fide gm of the fpearum ; which being fainter, will 
have a lefs proportion to the foreign light, and fo, by the mix- 
ture of that light, be more troubled and made more compound. 
The lens alfo ought to be good, fuch as may ferve for Optical 
ufes; and the prifm ought to have a large angle, fuppofe of 65 
or 70 degrees, and to be well wrought, beingmade of glafs free 
from bubbles and veins, with its fides not a little convex or con- 
cave, as ufually happens, but truly plane, and its polifii elabo- 
rate, as in working Optick-glafles, and not fuch as is ufually 
wrought with putty; whereby the edges of the fand-holes being, 
worn away, there are left all over the glafs a numberlefs compa- 
ny of very little convex polite rifings, like waves. The edges 
alfo of the prifm and lens, fo far as they may make any irregu- 
lar refraction, muft be covered with a black 'paper glewed on. 
And all the light of the fun's beam let into the chamber, which 
is ufelefs and unprofitable to the Experiment, ought to be inter- 
cepted with black paper, or other black obftacles. For otherwife 
the ufelefs light, being rejected even way in the chamber, will 
mix with the oblong fnectrum, and help to diiturb it. In tryi;;g 
thefe things fo much diligence is not altogether necefTary, but it 
will promote the fuccefs of the Experiments, and by a very icru- 
pulous examiner of things deferves to be applied. It is difficult 

to 
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to get glafs-prifms fit for this purpofe, and therefore I ufed fome- 
times Prifmatick Veflels, made with pieces of broken looking- 
glalles, and filled with rain-water. And to increafe the refrac- 
tion, I fometimes impregnated the water ftrongly with Saccbarum 
Saturni. 

PROP. V. T H E O R. IV. 

Homogeneai Light is refracled regularly, without any dilatation, 
Splittings or flattering of the rays ; and the confufed Vifwn of ob- 
jects, feen through refracting bodies by heterogeneal light, anfes 
from the different Ref tangibility of f ever al forts of rays, 

Sn?f " The firft part of th * s Proportion llas been already fufficicntly 
Homogeneai proved in the fifth Experiment, and will farther appear by the 
Ig Experiments which follow. 

Exper. 12. In the middle of a black paper I made a round 
hole, about a fifth or fixth part of an inch in diameter. Upon 
this paper I caufed the fpedrum of Homogeneai Light, deferr- 
ed in the former Proportion, fo to fall, that fome part of the 
light might pafs through the hole of the paper. This tranfmit- 
ted part of the light I refracted with a prifm placed behind the 
paper, and letting this refracted light fall perpendiculayly upon 
a white paper, two or three feet diftant from the prifm, I found 
that the fpedtrum formed on the paper by this light was not ob- 
long, as when it is made (in the third Experiment) by refracting 
the fun's compound light, but was (fo far as I could judge by 
my eye) perfedUy circular, the length being no greater'than the 
breadth. Which fhews that this light is refracted reeularly 
without any dilatation of the rays. 

Exper. 13. In the Homogeneai Light I placed a paper-circle of 
a quarter or an inch in diameter, and in the fun's unrefraaed 
Heterogeneal White Light I placed another paper-circle of the 
lame bignels And going from the papers to the diftance of fome 

r^U T C r b ° th drCleS thr0Ugh a P rifm ' The circle illumi- 
J 1 r S Hetero **«* US* appeared very oblong, as 
Ln rh^ i^r ent> tbC len Sth being many times greater 
. ne Dreadtn ; but the other circle illuminated with Homo- 
geneai 



Part I, OPTICS. 4 

geneal Light appeared circular and diftinftly defined, as when it is 
viewed with the naked eye. Which proves the whole Propo- 
rtion. 

Exper. 14. In the Homogeneai Light I placed flies, and fuch 
like minute objects, and viewing them through a prifm, I faw 
their parts as diftinaiy defined, as if I had viewed them with the 
naked eye. The fame objects placed in the fun's unrefraaed He- 
terogeneal Light, which was white, I viewed alfo through a prifm, 
and faw them moft confufedly defined, fo that I could not diftin- 
guifh their fmaller parts from one another. I placed alfo the let- 
ters of a fmall print one while in the Homogeneai Light, and 
then in the Heterogeneal ; and viewing them through a prifm, 
they appeared, in the latter cafe, fo confufed and indiitina that I 
could not read them ; but in the former, they appeared fo dif- 
tinct that I could read readily, and thought I faw them as diftin<S£, 
as when I viewed them with my naked eye. In both cafes I 
viewed the fame objeas, through the fame prifm, at the fame 
diftance from me, and in the fame fituation. There was no dif- 
ference but in the light, by which the objeas were illuminated, 
and which in one cafe was fimple, and in the other compound ; 
and therefore the diftina vifion in the former cafe, and-confufed 
in the latter, could arife from nothing elfe than from that diffe- 
rence of the lights. Which proves the whole Proportion. 

And in thefe three Experiments it is farther very remarkable, . 
that the colour of Homogeneai Light was never changed by the 
refraaion. 

PROP. VL T H E O R. V. 

'the fine of Incidence of every ray considered apart, is to its fine of 
Refraclion in a given ratio. 

That every Ray, confidered apart, is conflant to itfelf in fome de- G^n P r 0 - 
gree of refrangibility, is fufficiently manifeft out of what has ESth^' 
been faid. Thofe rays which in the firft refraaion are, at equal ^liT" 
incidences, molt refraaed, are alfo in the following refraaions, Kei,actioa - 
at equal incidences, molt refracted ; and fo of the leaft refran- 
gible, and the reft which have any mean deaxee of refranjnbili- 

Vol.IV. h ty, 
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Given pro- ty, as is manifeft by the fifth, fixfh, feventh, and eighth, and 
ninth Experiments. And thofe which the firft time, at like in- 
cidences, are equally refracted, are again at like incidences equally 
and uniformly refracted ; and that, whether they be refracted be- 
fore they be feparated from one another, as in the fifth Experi- 
ment ; or whether they be refracted apart, as in the twelfth, 
thirteenth and fourteenth Experiments. The refraaion there- 
fore of every ray apart is regular, and what rule that refraaion 
obferves we are now to ftiew. 

The late Writers in Opticks teach, that the fines of incidence 
are in a given proportion to the fines of refraaion, as was ex- 
plained in the fifth Axion : and fome, by inftruments fitted for 
meafuring of refraaions, or otherwife experimentally examining 
this proportion, do acquaint us that they have found it accurate. 
B|it whilft they, not underftanding the different refrangibility of 
feveral rays, conceived them all to be refraaed according to one 
and the fame proportion, it is to be premmed that they adapted 
their meafures only to the middle of the refraaed light ; fo that 
from their meafures we may conclude only, that the rays which 
have a mean degree of refrangibility, that is thofe which, when 
leparatedJrom the reft, appear Green, are refraaed according to 
a given proportion of their fines. And therefore we are now to 
inew that the like given proportions obtain in all the reft. That 
to wlf f ^ reaf ° n3ble > N * ture h ™S ^ conformable 
Trotf 11 k ! T e *P erimental P«»f is defired. And fuch a 

Siffe H ^ ^ WG ^ fllCW ^ fineS ° f ****** Of 
a>s differently refrangible are one to another in a given propor- 

T;JX*t fr: of incidence are ^ * ^ 

of reSZ of 6 ? yS ^ " §iven ^™ * the fine 
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Exper. i 5 . The fun firming into a dark chamber through a linear i ,d- 
little round hole in the window-lhut, let s [in jig. 26.] reprelent S, 
his round white image painted on the oppofite wall by his direct 
light ; pt, his oblong coloured image made by refraaing that 
light with a prifm placed at the window ; and />/, or 2/2/, or 
3P$t> his oblong coloured image made by refraaing again the 
lame light fideways, with a fecond prifm placed immediately af- 
ter the firft in a crofs pofition to it, as was explained in the fifth 
Experiment : that is to fay, pt when the refraaion of the fecond 
prifm is fmall, ipit when its refraaion is greater, and %p^t 
when it is greateft. . For fuch will be the diverfity of the refrac- 
tions if the Refraaing Angle of the fecond prifm be of various 
magnitudes ; fuppofe of fifteen or twenty degrees, to make the 
image/*; of thirty or forty, to make the image 2^2/; and of fix- 
ty, to make the image 3^3/. But for want of folid glafs-prifms 
with angles of convenient bignefies, there may be veffels made 
of polifhed plates of glafs, cemented together in the form of prifms, 
and filled with water. Thefe things being thus ordered, I ob- 
ferved that all the folar images or coloured fpearums pt,//, 2p2t t 
3p3t did very nearly converge to the place, s, on which the di- 
rea light of the fun fell, and painted his white round image, 
when the prifms were taken away. The axis of the fpearum 
pt, that is the line drawn through the middle of it parallel to its 
reailinear fides, did, when produced, pafs exaaiy through the 
middle of that white round image s. And when the refraaion 
of the fecond prifm, was equal to the refraaion of the firft, the 
Refraaing Angle of them both being about 60 degrees, the axis 
of the fpearum 3^3/ made by that refraaion, did, when pro- 
duced, pafs alfo through the middle of the fame white round 
image s. 3ut when the refraOion of the fecond prifm was lefs 
than that of the firft, the produced axes of the fpearums, 
or 2t2p, n.ade by that refraaion did cut the produced axis of the 
fpearum tp in the points m and a little beyond the center of 
that white round Image s. Whence the proportion of the line 
3/T to the line 3/* was a little greater than the proportion of 2/T 
to 2/>p, and this proportion a little greater than that of n to pv. 
Now when the light of the fpearum pt falls perpendicularly 

H 2 upon 
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<hvtn pro- upon the wall, thofe lines 3/T, 3/>p, and 2/T, ipv and /t, />p, 
uu-cnThe * are the tangents of the refractions ; and therefore by this Expe- 
riment the proportions of the tangents of the refractions are ob- 
tained, from whence the proportions of the fines being derived, 
they come out equal, fo far as by viewing the fpedrums, and 
nfing fome mathematical reafoning, I could eftimate. For I 
did not make an accurate computation. So then the Proportion 
holds true in every ray apart, lb. far as appears by Experiment. 
And that it is accurately true, may be demonftrated upon this 
fuppofttion. that bodies refraB light by aSling upon its rays in 
lines perpendicular to their Surfaces. But in order to this demon- 
stration, I muft diftinguifh the motion of every ray into two mo- 
tions, the one perpendicular to the refraaing furface, the other 
parallel to it, and concerning the perpendicular motion lay down 
the following Propofition. 

If any motion or moving thing whatfoever be incident, with 
any velocity, on any broad and thin fpace, terminated on both 
fides by two parallel planes ; and, in its paflage through that fpace, 
be urged perpendicularly towards the farther plane, by any force 
which at given diftances from the plane is of given quantities ; 
the perpendicular velocity of that motion or thing, at its emerg- 
ing out of that fpace, mall be always equal to the fquare root of 
the ium of the fquare of the perpendicular velocity of that mo- 
tion or thing, at its incidence on that fpace, and of the fquare of 
the perpendicular velocity which that motion or thing would have 
at its emergence, if, at its incidence, its perpendicular velocity was 
infinitely little. 

And the fame Propofition holds true of any motion or thin * 
perpendKularly retarded in its paflhge through that fpace, if i„t 
«ead of the fum of the two f<juares you , ake their difference, 
.ho J T ° n Mathematid =™ will eafily find out, and 

therefore I fhall not trouble the reader with it (g) 

Suppofe now that a ray coming moft obliquely in the line mc 

[in 

of the incident and emergent ray ThereL " , , G " Md IK are 38 the who!e velocities 
science and mergence B« ^S-^ ^ pe^^ velocities of 

U U - V iH--AH 1 = \/'TH i -GH ! + GA l , Hence if 
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L in .4r- i-] ^ e refraded at c by the plane rs into the line ck; aijd fines of 
if it be required to f ; nd the line ce, into which any other ray SuS"! 
ac mall be refracted, let mc, ad, be the fines of incidence of 
the two rays, and kg, ef, their fines of refradion ; and let the 
equal motions of the incident rays be rcprefented by the equal 
lines mc and ac ; and the motion mc being confulercd as parallel 
to the refracting plane, let the other motion ac be diltingurfhed 
into two motions ad and dc ; one of which ad is parallel, and 
the other dc perpendicular to the refraaing furface. In like 
manner, let the motions of the emerging rays be diitinguifhed 
into two ; whereof the perpendicular ones are ~ cn and ~ cf. 
And if the force of the refraaing plane begins to act upon the 
rays either in that plane, or at a certain diftance from it on the 
one fide, and ends at a certain diftance from it on the other fide, 
and in all places between thofe two limits acts upon the rays in 
lines perpendicular to that refraaing plane, and the actions upon 
the rays at equal diftances from the refraaing plane be equal, and 
at unequal ones either equal or unequal according to any rate 
whatever: that motion of the ray, which is parallel to the refrac- 
ting plane, will fuffer no alteration by that force; and that motion, 
which is perpendicular to it, will be altered according to the rule 
of the foregoing Propofition. If therefore for the perpendicular 
velocity of the emerging ray, cx, you write ^ co,as above; then, 
the perpendicular velocity of any other emerging ray, ce, which 
was f~F CF > wil1 be ec l ual to the fquare root of cd?+ ^ ccq t 
And by fquaring thefe equals, and adding to them the equals a Dry 
and MC^-CDf, and dividing the fums by the equals cf<7 + eiv?, and 
CG7+NG7, you will have equal to Whence ad, the finer 

of incidence, is to ef the fine of refraction, as mc to no, that 
is, in a given ratio. And this demonftration being general, 
without determining what light is, or by what kind of force it is 
refracted,, or afluming any thing farther than that the re trading 

ga, the perpendicular velocity of incidence, be gradually dirniir.fhed till it !,e reduced to nothing; 
kJ, the perpendicular velocity of- eaier^nce, becomes ul'imatelr cq»ial to Vth*- «h*. At: I in 
any ghen magnitude of ga, kJ is equal to ih- fquare root of toe imn of the fqnare of that i»j- 
ultimate quantity and the Iqu^e of c a. And this i>v.-hat New too here alliroii. 

i body 



s4 OPTICS. Book I. 

body a&s upon the rays in lines perpendicular to its furface ; I 
take it to be a very convincing argument of the full truth of this 
Proportion ( h ). 

So then, if the ratio of the lines of incidence and refraction 
of any fort of rays be found in any one cafe, it is given in all 
cafes ; and this may be readily found by the method in the fol- 
. lowing Proportion. 

PROP. VII. T H E O R. VI. 

The perfection of Te/ej 'copes is impeded by the different refrangibiUty 
of the rays of light. 

The imperfection of Telefcopes is vulgarly attributed to the 
Spherical Figures of the glaffes, and therefore Mathematicians 
have propounded to figure them by the Conical Sections. To 
mew that they are miftaken, I have inferted this Proportion ; 
the truthflf which will appear by the meafures of the refractions 
of the feveral forts of rays ; and thefe meafures I thus deter- 
mine. 

rtSdSSSt . In the thil * d Experiment of this firft Part, where the Refrac- 
Rdraaions of ting Angle of theprifm was 62^ degrees, the half of that an- 

the extreme _i j ... ° 

S le 3* de g- 1 5 min. is the angle of incidence of the rays, at their 
going out of the glafs into the air (*) ; and the fine of this angle 
as 5188, the radius being 10000. When the axis of this prifm 
was parallel to the horizon, and the refraction of the rays, at their 
•incidence on this prifm, equal to that at their emergence out of it, 
I obferved with a quadrant the angle, which the mean refrangible 
rays (that is, thofe which went to the middle of the fun's colour- 
ed image) made with the horizon ; and by this angle and the fun's 
altitude obferved at the fame time, I found the angle which the 
emergent rays contained with the incident to be 44 deg. and 40 
mm. and the half of this angle added to the angle of incidence 
31 deg. 1 5 min. makes the angle of refraction which is 
therefore 53 deg. 35 min. and its fine 8047. Thefe are the fines 

ly Hlf Pr0p0fUi0n h the XCIvEh of the firft book of the Principia, where it » more elegant- 
0 Vide Led. Opt. Part I. § 31. Lem. I. 

of 
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of incidence and refraction of the mean refrangible rays, and To meagre 
their proportion in round numbers is 20 to 31. This glafs was KaSof 
of a colour inclining to green. The laft of the prifms men- Ra y £ tremc 
tioned in the third Experiment was of clear white glafs. Its Re- 
fracting Angle 6 3 | degrees. The angle, which the emergent 
rays contained with the incident, 45 deg. 50 min. The fine of 
half the firft angle 5262. The fine of half the fum of the an- 
gles 8157. And their proportion in round numbers 20 to 31, 
as before. 

From the length of the image, which was about gi or ia 
inches, fubduct its breadth, which was i\ inches, and the re- 
mainder 7| inches would be the length of the image, were the 
fun but a point; and therefore fbbtends the angle which the moft. 
and leaft refrangible rays, when incident on the prifm in the fame 
lines, do contain with one another after their emergence. Whence 
this angle is 2 deg. o r . f r . For the diftance between the image 
and the prifm, where this angle is made* was 1 8 \ feet, and at 
that diftance the chord, 7I inches, fubtends an angle of 2 deg. 
o'. 7". Now half this angle is the angle which thefe emergent: 
rays contain with the emergent mean refrangible rays,, and a 
quarter thereof, that is 3©'. 2", may be accounted the angle which 
they would contain with the fame emergent mean refrangible 
rays, were they co-incident to them within the glafs, and fuffer- 
ed no other refraction than that at their emergence. For if two< 
equal refractions, the one at the incidence of the rays on the- 
prifm, the other at their emergence, make half the angle 2 deg. 
C. 17"; then one of thofe refractions will make about a quarter 
of that angle; and this quarter added to and fubducted from the 
.angle of refraction of the mean refrangible rays, which was 53? 
cte g- 35'> gives the angles of refraction of the moft and leaft re- 
frangible rays 54 deg. 5': 2"; and 53 deg. 4'. 58", whofe fines- 
are 8099 and 7995^ the common angle of incidence being 31 
deg. 15', and its fine 5188 ; and thefe fines, in the leaft round* 
numbers, are in proportion to one another, as. -7,8 and 77 to 
50 ( l ). 



( k ) Lea. Opt. Part I. § 3 w Lem. 21. 
(') Leer. Opt. Part I. § y. 
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Now if you fubduct the common fine of incidence, 50, from 
the fines of refraction, 77 and 78 ; the remainders, 27 and 28, 
ihew that in fmall refractions the refraction of the leaft refrangi- 
ble rays is to the refraction of the molt refrangible ones as 27 
to 28 very nearly, and that the difference of the refractions of 
the leaft refrangible and moft refrangible rays is about the zjjth 
part of the whole refraction of the mean refrangible rays, 
imperfeaion whence they that are skilled in Opticks will ealilv underltand. 

oi i elekopes. J 1 * 

that the breadth of the leaft circular fpace, into which object- 
glafTes of telefcopes can collect all forts of parallel rays, is about 
the 27-th part of half the aperture of the glafs, or 55th part 
of the whole aperture ( m ) ; and that the focus of the moft re- 
frangible rays is nearer to the object-glafs than the focus of the 
leaft refrangible ones, by about the 274th part of the diftance 
between the object-glafs and the focus of the mean refrangible 
ones. 

And if rays of all forts, flowing from any one lucid point in 
the axis of any convex lens, be made, by the refraction of the 
lens, to converge to points not too remote from the lens, the fo- 
cus of the moft refrangible rays fnall be nearer to the lens, than 
the focus of the leaft refrangible ones, by a diftance which is to 

the 

( m ) Ua. Opt. Part 1. Prop, xxxvil. 

ax" the Iff -n ge °* \ "1 D ; 3nd thn 1 the T are h Y ^ »«• <"« «• to meet the 

axis, the moft refrangible m k, the leaft refrangible in*, andthofe of the mean refrangibility in F. 

Won affirms that kHs to -L , a as „ to la, very nearly; provided the dillance fa be not 

too great. And this we thus demon- 
ftrate. From the point of incidence, 
», draw de perpendicular to the axis 
of the lens. Through f draw fp pa- , 
ralkl with de ; and let fp meet the 
diredray, ld, produced in p, and the 
refracted rays, vk and dk, in o and 
^ a. Now if the diftance fa be not 

nearly equal • alfo of ami r~ . -n L , , „ vafll ^ S rea t> kf and *f will be very 
the leusDA cdUefts the W * ° f the circular fr**. in whicl > 

breadth. (Left imfl^"** 1 T T"? ^ ^ F ° ° r ^ half that leaft 
therefore i, : kz = , a £ " XVI _ K ? * Ut becaufe th * >»c. fo and de are parallel, 

fmall portion of its ^ , c + «' f » ^ ™ * the lens da be but a 

ko ; de very nearly. And bv confeouen« F^ro ^Y*' HeDCe xi ! " A = 

, uequence k* . fa_2fo or 0QJ de. But oojxars to de a pro- 
portion 
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the 27{th part of the diftance of the focus of the mean refran-o 
gible rays from the lens, as the diftance between that focus and 
the lucid point from whence the rays flow, is to the diftance be- 
tween that lucid point and the lens very nearly ( n ). 

Now to examine whether the difference between the refrac- 
tions, which the moft refrangible and the leaft refrangible rays, 
flowing from the fame point, fuffer in the object-glaffes of tele- 
fcopes and fuch like glafTes, be fo great as is here defcribed, I 
contrived the following Experiment. 

Exper. 16. The lens which I ufed in the fecond and eighth 
Experiments, being placed fix feet and an inch diftant from any 
object, collected the fpecies of that object, by the mean refrangi- 
ble rays, at the diftance of fix feet and an inch from the lens on 
the other lide. And therefore by the foregoing rule it ought to 
collect the fpecies of that object, by the leaft refrangible rays, at 
the diftance of fix feet and 3} inches from the lens ; and by the 
moft refrangible ones, at the diftance of five feet and 1 0} inches 
from it : fo that between the two places, where thefe leaft and 
moft refrangible rays collect the fpecies, there may be the dif- 
tance of about 5} inches. For by that rule, as fix feet and an 
inch (the diftance of the lens from the lucid object) is to twelve 
feet and two inches (the diftance of the lucid object from the fo- 
cus of the mean refrangible rays) that is, as one is to two, fo is 

portion compounded of the proportions of onjo fp, and of vv to de ; i. e. of the proportions 
of oo^.to fp, and of lf to le. But taking the proportions of the fines of refraction of the fe- 
veral rays, which are refrangible in the greateit, leaft, and mean degree, as they are hereftated, 
it follows, from what is Ihewn in the xxxvnth Prop, of Left. Opt. Part I, that oojjears to fp 
the proportion of i to 27,5. Therefore the proportion of oo^to de is compounded of the pro- 
portions of 1 to 27,5, and of lf to le. And the proportion of nk to fa being the fame, or 
very nearly the fame with that of oqJ:o de, is compounded of thefe fame proportions. That 
is, Ki : FAri : 27,5 + i.f : le. But again, if the lens da be a very fmall portion of a fphere, 
le will not be feniibly lefs than la, and the proportions of lf to le and la will not be fenfibly 
different. Hence Ki : ta= i : 27,5 -{- lf : la very nearly. That is, k* : ta = lf : 27,5 la very 

nearly. By equality Kk : _L fa = lf : la very nearly. Q. E. D. 

27,; ' ^~ 

If the diftance fa be fo great, that kf and rk become fenfibly unequal ; the proportion of k* to 
fa, here ftated, will no longer fubfift. 

Cor. If the lucid point be removed farther and farther from the lens ; the proportion of lf 

and la, and of confequence that of Kk and — L fa, approaches to equality ; and ultimately, 

2 7>S 

when the ray ld becomes parallel to the axis, lf, ia become equal, and K*=r— 1- fa, juft as 
Uewton affirms. 
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imperfeaion the Z7jth part of fix feet, and arr inch (the diftance between the 
lens and the fame focus) to the diftance between the focus of the 
moft refrangible rays and the focus of the leaft refrangible ones; 
which is therefore 5 il inches, that is very nearly 5j inches. Now 
to know Whether this meafure was true, I repeated the fecond 
and eighth Experiment with coloured light, whkh was lefs com- 
pounded than that I there made ufe of: for I now feparated the « 
heterogeneous rays one from another, by the method I defcribed- 
in the eleventh Experiment ; fo as to make a coloured fpe<3rumH 
about twelve or fifteen times longer than broad. . This fpearum. 
I caft on a printed book, and placing the abovementioned lens af 
the diftance of fix feet and an inch from this fpearum, to col- 
tea the fpecies of the illuminated -letters at the fame diftance on 
the other fide ; I found that the fpecies of the letters illuminated- 
with. Blue were nearer to the lens, than thofe illuminated with, 
deep Red, by about three inches,, or three and a quarter : but the: 
fpecies of the letters illuminated, with Indigo and Violet appeared 
fo confufed and indiftin6t, that I could not read . them. Where- 
upon viewing the prifm, I found it was full of veins running 
from one end of the glafs to the other ; ,fo that the refraaion 
could not be regular. I took another prifm therefore which was 
free from, veins ; and inftead of the letters I ufed two or three 
parallel black lines, a little broader than the ftroaks of the let- 
ters; and cafting the colours upon thefe lines, , in fuch manner 
that the lines ran along the colours from one end of the fpearum 
to the other; I found the focus where the Indigo, or confine 
of this colour and- Violet, caft the fpecies of the black lines moft 
diftinaiy, to be about four inches or 4i nearer to the lens, than 

Le! 0 ^?^ T d6epeft Red Caft the f P ecies of fame black 

t^^l 7 he violet was f0 faint and ^ that 1 

W n0t , dl f Ceri l the f P ecies of the lines diftinaiy by that co- 
Zcol ^ C ° nflderin S that the prifm was made of a 
S whTl f f ! lnClinin S to.Green,. I took another prifm of 
dear white glafs; but the fpearum of colours, which this prifm 

SJ^t" 5 WhiCh madC mc concl ^e that fome- 
thmgwasamifs : and viewing the prifm, I found two or three 

little 
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little bubbles in the glafs which refraaed the light irregularly, of r^fcope*. 
Wherefore I covered that part of the glafs with black paper; and 
letting the light pafs through another part of it, which was free 
from fuch bubbles, the fpearum of colours became free from 
thofe irregular ftreams of light, and was now fuch as I defired. 
But ftill I found the Violet fo dark and faint, that I could fcarce 
fee the fpecies of the lines by the Violet, and not at all by the 
deepeft part of it, which was next the end of the fpearum. I 
fufpeaed therefore that this faint and dark colour might be al- 
layed by that fcattering light, which was refraaed and refleaed 
irregularly, partly by fome very fmall bubbles in the glaffes, and 
partly by the inequalities of their polifh : which light, though it 
was but little, yet it being of a White colour, might fufflce to 
affea the fenfe fo ftrongly, as to difturb ths phenomena of that 
weak and dark colour the Violet ; and therefore I tried, as in the 
1 2th, 13th and 14th Experiments, whether the light of this co- 
lour did not confift of a fenfible mixture of heterogeneous rays* 
but found it did not. Nor did the refraaions caufe any other 
feniible colour than Violet to emerge out of this light; as they 
would have done out of White light, and by confequence out of 
this Violet Light, had it been fenfibly compounded with White 
Light. And therefore I concluded, that the reafon why I could 
not fee the fpecies of the lines diftinaiy by this colour, was only 
the darknefs of this colour and thinnefs of its light, and its dif- 
tance from the axis of the lens ; I divided therefore thofe parallel 
black lines into equal parts, by which I might readily know the 
diftances of the colours in the fpearum from one another; and 
noted the diftances of the lens from the foci of fuch colours as 
caft the fpecies of the lines diftinaiy: and then confidered, whe- 
ther the difference of thofe diftances bear fuch proportion to 5} 
inches, the greateft difference of the diftances which the foci of 
the deepeftRed and Violet ought to have from the lens, as the 
diftance of the obferved colours from one another in the fpearum 
bear to the greateft diftance of the deepeft Red and Violet mea- 
fured in the reailinear fides of the fpearum ; that is, to the 
length of thofe fides, or excefs of the' length of the fpearum 
above its breadth. And my obfervations were as follows. 

I 2 When 
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impcrfedion When I obferved and compared the deepeft fenfible Red, and 
the colour in the confine of Green and Blue, which at the rec- 
tilinear fides of the fpedrum was diftant from it half the length 
of thofe fides ; the focus where the confine of Green and Blue 
caft the fpecies of the lines diftinaiy on the paper, was nearer 
to the lens, than the focus where the Red caft thofe lines diftina- 
iy on it, by about i\ or i\ inches. For fometimes the meafures 
were a little greater, fometimes a little lefs, but feldom varied 
from one another above j of an inch. For it was very difficult 
to define the places of the foci, without fome little errors. Now 
if the colours diftant half the length of the image (meafured at 
its reailinear fides) give 2 7 or 2J difference of the diftances of 
their foci from the lens, then the colours diftant the, whole length 
ought to give 5 or sf inches difference of thofe diftances. 

But here it is to be noted, that I could not fee the Red to the 
full end of the fpearum, but only to the center of the femicir- 
cle which bounded that end, or a little farther ^ and therefore I 
compared this Red not with that colour which was exactly in the 
middle of the fpearum, or confine of Green and Blue, but with 
that which converged a little more to the Blue than to the Green;- 
And as I reckoned the whole length of the colours not to be the 
whole length of the fpe&rum^ but the length of its reailinear 
fides, fo completing the femicircular ends into circles, when ei+ 
therof the obferved colours fell within thofe circles,. I meafured 
the diftance of that colour from the fernicircular end of thefpec- 
trum; and- fubdti&ing half this distance from the meafured dis- 
tance of the two-colours, I took the remainder for their correaed 
diftance; and in thefe obfervations fet down this correaed dis- 
tance for the difference of the diftances of their foci from the 
lens. For as the length of the reailinear fides of the fpearum 
would be the whole length of all the colours, were the circles, of 
which (as we mewed) that fpearum- confifts, contraaed and re- 
duced to phyfical points ; fo in that cafe this correaed diftancs 
would be the real diftance of the two obferved colours. 

When therefore I farther obferved the deepeft fenfible Rec% 
and that Blue whofe correal diftance from it was 7 7 - parts of the 
length of the reailinear fides of the fpearum, the difference of 

the 



Part I. OPTICS. 61 

the diftances of their foci from the lens was about 3| inches : and ofTekfcop«. 
as 7 to 12 fo is 3^ to 54. 

When I obferved the deepeft fenfible Red, and that Indigo 
whofe correaed diftance was T 8 - or ~ of the length of the reai- 
linear fides of the fpearum ; the difference of the diftances of 
their foci from; the lens was about 3| inches : and as % to 3. fo is 
3i to Sf- 

When I obferved the deepeft fenfible Red, and that deep In- 
digo whofe correaed diftance from one another was 7 9 r or \ of the 
length of the reailinear fides of the fpearum; the difference of 
the diftances of their foci from the lens was about 4 inches : and 
as 3 to 4 fo is 4 to 5 j. 

When I obferved the deepeft fenfible Red, and that part of 
the Violet next the Indigo, whofe correaed diftance from the Red 
was 4| or { of the length of the reailinear fides of the fpec- 
trum ; the difference of the diftances of their foci from the lens 
was about 4! inches: and as 5 to 6 r fo is \\ to 5 J. For fome- 
times when the lens was advantageoufly placed, fo that its axis 
refpeaed the Blue, and all things elfe were well ordered, and the 
fun fhone clear,, and I held my eye very near to the paper on 
which the lens caft the. fpecies of the lines, I could fee pretty 
diftinaiy the fpecies of thofe lines by that part of the Violet 
which was next the Indigo ; and fometimes I could fee them by 
above half the Violet., For in making thefe Experiments 1 had 
obferved, that the fpecies of thofe colours only appear diftinaj 
which were in or near the axis of the lens : fo that if the Blue 
or Indigo were in the axis, I could fee their fpecies diftinaiy ; 
and then the Red. appeared much lefs diftina than before. Where- 
fore 1 contrived to make the fpearum of colours fhorter than be- 
fore; fo that both its ends might be nearer to the axis of the 
lens. And now its length was about 2 r inches, and breadth 
about \ or { of an inch. Alfoinftead of the black lines on 
which the fpearum was cafi> I made one black line broader than 
thofe, that I might fee its fpecies more eafily ; and this line I di- 
vided by fhort crofs lines into equal parts, . for meafuring the dif- 
tances of the obferved colours. And now I could fometimes fee 
the fpecies of this line with its divifions almoft as far as the center 

of, 
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on of the femicircular Violet end of the fpearum, and made thefe 
farther obfervations. 

When I obferved the deepeft fenfible Red, and that part of the 
Violet whofe corrected diftance from it was about | parts of the 
rectilinear fides of the fpe&rum ; the difference of the diftances 
of the foci of thofe colours from the lens, was one time 4}, an- 
other time 4|, another time 4J inches : and as 8 to 9, fo are 4J, 

41* 4h t0 Si> refpeaively. 

When I obferved the deepeft fenfible Red, and deepeft fenfible 
Violet (the corrected diftance of which colours when all things 
were ordered to the beft advantage, and the fun fhone very clear, 
was about ~ or parts of the length of the rectilinear fides of 
the coloured fpearum) I found the difference of the diftances of 
their foci from the lens fometimes 4-J-, fometimes 5^, and for the 
moft part 5 inches, or thereabouts : and as 1.1 to ,12, or 15 to 
16, fo is 5 inches to s^or 5} inches. 

And by this progreffion of Experiments I fatisfied myfelf, that 
had the light at the very ends of the fpe&rum .been ftrong 
enough to make the fpecies of the black lines appear plainly on 
the paper, the focus of the deepeft Violet would have .been found 
nearer to the lens, than the focus of the deepeft Red, by about 
Sj inches at leaft. And this is a farther evidence, that the fines 
of incidence and refra&ion of the feveral forts of rays, hold the 
fame proportion to one another in the fmalleft refraaions which 
they do in the greateft. 

My progrefs in making this nice and froublefome Experiment 
I have fet down more at large, that they, that mall trv it after me, 
may be aware of the circumipeaion requifite to make it fucceed 
well. And if they cannot make it fucceed fo well as I did, they 
maynotwithftandingcollea, by the proportion of the diftance of 
the colours of the fpearum to the difference of the diftances of 
their foci trom the lens, what would be the fuccefs in the more 
diftant colours by a better trial. And yet if they ufe a broader 
lens than I did, and fix it to a long ftraight ftaff, by means of 
which it may be readily and truly direaed to the colour whofe 
locus is defired; I cmeftion not but the Experiment will fucceed 
better with them, than it did with me. For I direaed the axis 

as 
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as nearly as I could to the middle of the colours ; and then the on^o^m 
faint ends of the fpearum, being remote from the axis, caft their 
fpecies lefs diftinaiy on the paper, than they would have done, 
had the axis been fucceflively direaed to them. 

Now by what has been faid, it is certain that the rays which 
differ in rcfrangibility do not converge to the fame focus ; but if 
they flow from a lucid point, as far from the lens on one fide a3 
their foci are on the other, the focus of the moft refrangible rays 
lhall be nearer to the lens than that of the leaft refrangible, by 
above the fourteenth part of the whole diftance : and if they 
flow from a lucid point,, fo v«ry remote from the lens, that be- 
fore their incidence they may be aecountedparallel, the focus of 
the moft refrangible rays lhall be nearer to the lens than the fo- 
cus of the leaft refrangible, by about the 27th or 28th part of 
their whole diftance from it.. And the diameter of the circle in 
the middle fpace between thofe two foci, which they illuminate 
when they fall there on any plane perpendicular to the axis 
(which circle is the leaft into which they can all be gathered) is 
about the 5 5th part of the diameter of the aperture of the glafs. 
So that it is a wonder, that Telefcopes reprefent objeas fo diftina 
as they do. But were all the rays of light equally refrangible, 
the error arifing only from the fphericalnefs of the figures of 
glaffes would be many hundred times lefs.- For if the objea- - 
glafs of a Telefcope be plano-convex, and the plane fide be turn- 
ed towards the objea, and the diameter of the fphere whereof 
this glafs is a fegment be called d, and the femidiameter of the 
aperture of the glafs be called s, and the fine of incidence out 
of glafs into air, be to the fine of refraction as 1 to r : the rays, 
which come parallel to the axis of the glafs, mall, in the place 
where the image of the objea is moft diftinaiy made, be Mat- 
tered all over a little circle,. whofe diameter is -? x Snib - very 

Jj D quad. •* 

nearly ; as I gather by computing the errors of the rays by the 
method of Infinite Series, and rejeaing the terms whofe quanti- 
ties areinconfiderable Q. As for inftance, if the fine of inci- 
dence, i, be to the fine of refraaion, r, as 20 to 31 ; and if p, 



(°) Vide Led. Opt, Part I. Sea. iv. Prop. xxxi. Cor. 7, 
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impcrfeaion the diameter of the fphere to which the convex fide of the glafs 
is ground, be 100 feet, or 1200 inches; and s, the diameter of 
the aperture, be two inches : the diameter of the little circle (that 
is W in be ^^-^ or parts of an inch. 

fyxDquad/ 20x20x1200X1200 72000000 

But the diameter of the little circle, through which thefe rays are 
fcattered by unequal refrangibility, will be about the 5 5th part 
of the aperture of the object- glafs, which here is four inches. 
And therefore the error, arifing from the fpherical figure of the 
glafs, is to the error arifing from the different refrangibility of 
the rays, as j~^o to that is as 1 to 5449 : and therefore, 
being in comparifon fo very little, deferves not to be confidered. 
But you will fay, if the errors caufed by the different refran- 
gibility be fo very great, how comes it to pais that objects ap- 
pear through Telefcopes fo diftindl as they do r I anfwer, it is 
becaufe the erring rays are not fcattered uniformly over all that 
circular fpace, hut colle&ed infinitely more denfely in the center 
than in any other part of the circle ; and in the way from the 
center to the circumference grow continually rarer and rarer, fo 
as at the circumference to become infinitely rare ; and by reafon 
of their rarity are not ftrong enough to be vifible, unlefs in the 
center, and very near it. Let ade (in fig. 27.) reprefent one of 
thofe circles, defcribed with the center c and femidiameter AC ; 
and let bfg be a fmaller circle concentrick to the former, cutting 
with its circumference the diameter ac in b ; and bifed ac in n : 
and, by my reckoning, the denfity of the light in any place b 
will be to its denfity in n, as ab to bc ; and the whole light, with- 
in the leffer circle bfg, will be to the whole light within the 
greater aed, as the excefs of the fquare of ac above the fquare 
of ab is to the fquare of ac. As if bc be the fifth part of ac, 
the hght will be four times denfer in b than in n ; and the whole 
light within the lefs circle, will be to the whole light within the 
greater, as nine to twenty-five. Whence it is evident that the 
hght within the lefs circle, muft ftrike the fenfe much more 
itrongly than that faint and dilated light round about, between 
it and the circumference of the greater. 
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But it is farther to be noted, that the mod luminous of the 
Prifmatick Colours are the Yellow and Orange. Thefe aftltft the' 
fenfes more ftrongly than all the reft together, and next to tin ; 
in ftrength are the Red and Green. The Blue, compared with tlufo, 
is a faint and dark colour ; and the Indigo and Violet are much 
darker and fainter : lb that thefe, compared with the monger co- 
lours, are little to be regarded. The images of objects are there- 
fore to be placed, not in the focus of the mean refrangible rays, 
w hich are in the confine of Green and Blue, but in the focus of 
thofe rays which are in the middle of the Orange and Yellow ; 
there, where the colour is moft luminous and fulgent: that is, in 
the brighteft Yellow, that Yellow which inclines more to Orange 
than to Green. And by the refraction of thefe rays (whofe fines 
of incidence and refrteTaon in glafs are as 17 and 11) the refrac- 
tion of glafs and cryftal for optical ufes is to be meafured. Let 
us therefore place the image of the object in the focus of thefe 
rays, and all the Yellow and Orange w r ill fall within a circle, 
which diameter is about the 250th part of the diameter of the 
aperture of the glafs. And if you add the brighter half of the 
Red (that half which is next the Orange) and the brighter half 
of the Green (that half which is next the Yellow) about three- 
fifth-parts of the light of thefe two colours will fall within the 
fame circle, and two fifth-parts will fall without it round about ; 
and that which falls without will be fpread through almolt as 
much more fpace as that which falls within, and fo in the grofs 
be almoft three times rarer. Of the other half of the Red and 
Green (that is of the deep Dark Red and Willow-Green) about 
one quarter will fall within this circle, and three quarters with- 
out ; and that which falls without will be fpread through about 
four or five times more fpace than that which falls within, and 
fo in the grofs be rarer; and if compared with the whole light 
within it, will be about 25 times rarer than all that taken in the 
grofs ; or rather more than 30 or 40 times rarer : becaufe the 
deep Red, in the end of the fpectrum of colours made by a prifm, 
is very thin and rare, and the Willow-Green is {bmcthing rarer 
than the Orange and Yellow. The light of thele colours there- 
fore being fo very much rarer than that within the circle, will 
Vol. IV. K fcarce 
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fcarce affeft the fenfe ; efpecially lince the deep Red and Willow 
Green of this light, are much darker colours than the reft. And 
for the fame reafon the Blue and Violet, being much darker co- 
lours than thefe, and much more rarified, may be neglected. 
For the denfe and bright light of the circle, will obfcure the rare 
and weak light of thefe dark colours round about it, and render 
them almoft infenfible. The fenfible image of a lucid point is 
therefore fcarce broader than a circle, whofe diameter is the 250th 
part of the diameter of the aperture of the objedt-glafs of a good 
telefcope ; or not much broader, if you except a faint and dark 
mifty light round about it, which a fpe&ator will fcarce regard. 
And therefore in a telefcope whofe aperture is four inches, and 
length an hundred feet, it exceeds not <x". 45% or 3". And in 
a telefcope whofe aperture is two inches, and length 20 or 30 
feet, it may be 5" or 6", and fcarce above. And this anfwers 
well to experience : for fome aftronomers have found the diame- 
ters of the fixed ftars, in telefcopes of between 20 and 60 feet 
in length, to be about 5" or 6", or at moft 8" or 10" in diameter. 
But if the eye-glafs be tindted faintly with the fmoke of a lamp 
or torch, to obfcure the light of the ftar, the fainter light in the 
circumference of the ftar ceafes to be vifible, and the ftar (if the 
glafs be fufficiently foiled with fmoke) appears fomething more 
like a mathematical point. And for the fame reafon, the enor- 
mous part of the light in the circumference of every lucid point 
ought to be lefs difcernible in fhorter telefcopes than in longer, 
becaufe the fhorter tranfmit lefs light to the eye. 

Now that the fixed ftars, by reafon of their immenfe diftance, 
appear like points, unlefs fo far as their light is dilated by re- 
fradion, may appear from hence ; that when the moon panes 
oyer them and eclipfes them* their light vanimes, not gradually 
like that of the planets, but all at once; and in the end of the 
echpfe it returns into fight all at once, or certainly in lefs time 
than the fecond of a minute; the refraftion of the moon's at- 
mofphere a little protrafting the time in which the light of the 
itar firft vanimes, and afterwards returns into fight. 

Now if we fuppofe the fenfible image of a lucid point, to be 
even 250 times narrower than the aperture of the glafs : yet this 

image 
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image would be ftill much greater, than if it were only from the°f 
fpherical figure of the glafs. For were it not for the different 50 
refrangibility of the rays, its breadth, in an 100 foot telefcope 
whofe aperture is 4 inches, would be but t^-o parts of an inch, 
as is manifeft by the foregoing computation. And therefore in 
this cafe the greateft errors, arifing from the fpherical figure of 
the glafs, would be to the greateft fenfible errors, arifing from the 
different refrangibility of the rays, as to at moft, that 

is only as 1 to 1 200. And this fufficiently fhews that it is not the 
fpherical figures of glaffes, but the different refrangibility of the 
raysi which hinders the perfection of telefcopes. 

There is another argument, by which it may appear, that the 
different refrangibility of rays is the true caufe of the imperfec- 
tion of telefcopes. For the errors of the rays, arifing from the 
fpherical figures of objea-glaffes, are as the cubes of the aper- 
tures of the objecl:-glaffes ; and thence to make telefcopes of va- 
rious lengths magnify with equal diftinanefs, the apertures of 
the objea-glaffes, and the charges or magnifying powers ought 
to be as the cubes of the fquare-roots of their lengths ; which 
doth not anfwer to experience. But the errors of the rays, arifing 
from the different refrangibility, are as the apertures of the ob- 
jea-glaffes ; and thence to make telefcopes of various lengths 
magnify with equal -diftinanefs, their apertures and charges ought 
to be as the fquare roots of their lengths ; and this anfwers to 
experience, as is well known. For inftance, a telefcope of 64 
feet in length, with an aperture of 2} inches, magnifies about 
120 times, with as much diftinanefs as one of a foot in length, 
with} of an inch aperture, magnifies 15 times. 

Now were it not for this different refrangibility of rays, tele- 
fcopes might be brought to a greater perfe&ion than we have yet 
defcribed, by compofing the objefc-glafs of two glaffes with wa- 
ter between them. Let adfc [iny%. 28.] reprefent the objed- 
glafs compofed of two glaffes, abed and befc, alike convex on 
the outfides agd and chf, and alike concave on the iniides bmk, 
bne. with water in the concavity b men. Let the fine of inci- 
dence out of glafs into air be as 1 to r, and out of water into air 
as k to r, and by confequence out of glafs into water as 1 to k : 
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and let the diameter of the fphere to which the convex lides, agd 
and chFj are ground be d ; and the diameter of the fphere to 
which the concave fides, bme and bne, are ground be to d, as the 
cube-root of kk-ki to the cube-root of rk-ri : and the refrac- 
tions on the concave fides of the glafles will very much correct 
the errors of the refractions on the convex lides, fo far as they 
arife from the fphericalnefs of the figure. And by this means 
might tclefcopes be brought to fufficient perfection, were it not 
for the different refrangibility of feveral forts of rays. But by 
reafon of this different refrangibility, I do not yet fee any other 
means of improving telefcopes by refractions alone, than tkf t of 
increafmg their lengths; for which end the late contrivance of 
Hugenius feems well accommodated. For very long tubes are 
cumberfome, and fcarce to be readily managed, and by reafon 
of their length are very apt to bend, and make by bending, fo 
as to caufe a continual trembling in the objects, whereby it be- 
comes difficult to fee them diftin&ly : whereas, by his contriv- 
ance, the glafles are readily manageable, and the object-glafs, be- 
ing fixed upon a ftrong upright pole, becomes morefteady. 
? nT*"" Seein g therefore the improvement of telefcopes of given lengths 
by refradions is defperate ; I contrived heretofore a perfpe&ive 
by reflexion, ufing inftead of an object-glafs a concave metal. 
The diameter of the fphere, to which the metal was ground con- 
cave, was about 25 Englifh inches, and by confequence the length 
ot the inftrument about fix inches and a quarter. The eye-glafs 
was plano-convex, and the diameter of the fphere to which the 
convex fide was ground was about f of an inch, or a little lefs, 
and by confequence it magnified between 30 and 40 times. By 
another way of meafuring I found that it magnified about 35 
times. The concave metal bore an aperture of an inch and a 
third part ; but the aperture was limited not by an opake circle, 
covering the limb of the metal round about, but by an opake 
arc e placed between the eye-glafs and the eye ; and perforated 
in the middle with a little round hole for the rays to pais through 
to the eye. For this circle by being placed here, flopped much 
of the erroneous light, which otherwife would have difturbed 
tne vilion. By comparing it with a pretty good perfpe&ive of 

four 
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four feet in length, made with a concave eye-glafs, I could read TlL 
at a greater diftance with my own inftrument than with thcglafs. 
Yet object* appeared much darker in it than in the glais, and that 
partly becaufe more light was loft by reflexion in the metal, than 
by refraction in the glafs, and partly becaufe my inftrument was 
overcharged. Had it magnified but 30 or 25 times, it would 
have made the object appear more brilk and plealant. Two of 
th'.fe I made about 16 years ago, and have one of them full by 
me, by which I can prove the truth of what I write. Yet it is 
not fo good as at the fir ft. For the concave has been divers times 
tarniihed and cleared again, by rubbing it with very foft leather. 
When I made thefe, an artift in London undertook to imitate it ; 
but ufing another way of polifhing them than 1 did, he fell much 
fhort of what I had attained to, as I afterwards underftood by 
difcourfing with the under workman he had employed. The 
polilh I ufed was in this manner. I had two round copper-plates 
each fix inches in diameter, the one convex the other concave, 
ground very true to one another. On the convex I ground the 
object-metal or concave which was to be polifhed, till it had taken 
the figure of the convex, and was ready for a polilli. Then I 
pitched over the convex very thinly, by dropping melted pitch 
upon it, and warming it to keep the pitch foft, whilft I ground 
it with the concave copper wetted, to make it fpread evenly all 
over the convex. Thus by working it well, I made it as thin as 
a groat; and after the convex was cold, I ground it again to give 
it as true a figure as I could. Then 1 took putty, which 1 had 
made very fine by waihing it from all its grofler particles, and 
laying a little of this upon the pitch, I ground it upon the pitch 
with the concave capper till it had done making a noife; and then 
upon the pitch I ground the object-metal with a brilk. motion, 
for about two or three minutes of time, leaning hard upon it. 
Then I put frefii putty upon the pitch, and ground it again till 
it had done making a noife, and atrcrv. ards gr<-u .(! I'ne obiter- 
metal upon it a> before. A. id t' i- work I r.-oea'c"' rii t l .c me- 
tal was p. mill .1, ^rinding it the kv_ ti ' i'h u v • ,v « -y :y.'th 
for a good while together, and frcou'jn'h hie *'■:;:,.; 1. *r i :i ri, e 
pitch to keep it moiir, without laving 011 anv .;.yre irciii pm; v. 
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The objed-metal was two inches broad, and about one-third part 
of an inch thick, to keep it from bending. I had two of thefe 
metals, and when I had polifhed them both I tried which was 
belt ; and ground the other again, to fee if I could make it bet- 
ter, than that which I kept. And thus by many trials I learned 
the way of polifliing, till I made thofe two refleaing perfpee- 
tives I fpake of above. For this art of polifliing will be better 
learned by repeated pra&ice than by my defcription. Before I 
ground the objeft-metal on the pitch, I always ground the putty 
on it with the concave copper till it had done making a noife; 
becaufe if the particles of the putty were not by this means made 
to flick faft in the pitch, they would by rolling up and down 
grate and fret the objedt-metal and fill it full of little holes. 

^ But becaufe metal is more difficult to polifli than glafs, and is 
afterwards very apt to be fpoiled by tarnifliing, and refleds not 
fo much light as glafs quick-filvered over does : I would pro- 
pound to ufe, inftead of the metal, a glafs ground concave on the 
forehde, and as much convex on the backfide, and quick-filvered 
over on the convex fide. The glafs muft be every where of the 
fame thicknefs exadly. Otherwife it will make objeds look co- 
loured and mdiftincl. By fuch a glafs I tried, above five or fix 
years ago to make a reflecting telefcope of four feet in length 

wa^ g n m fh' k ' 150 timCS ' and 1 fatisfied ™y^> that there 
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An objea-glafs of a fourteen-foot telefcope, made by an artificer 
at London, I once mended confiderably, by grinding it on pitch 
with putty, and leaning very eafily on it in the grinding, left the 
putty Ihould fcratch it. Whether this way may not do well en- 
ough for polifhing thefe refleaing glafies, I have not yet tried. 
But he that mall try either this, or any other way of policing, 
which he may think better, may do well to make his glafies rea- 
dy for polifliing, by grinding them without that violence, where- 
with our London workmen prefs their glafies in grinding. For 
by fuch violent prefTure, glafies are apt to bend a little in the 
grinding, and fuch bending will certainly fpoil their figure. To 
recommend therefore the consideration of thefe refleaing glafies,, 
to fuch artifts as are curious in figuring glafies, I fliall defcribe 
this optical instrument in the following Proposition. 

PROP. VIII. P R O B. II. 

2o Jhorten tfelejcopes.. 

Let abdc 29.] reprefent a glafs fpherically concave on 

the forefide ab, and as much convex on the backfide cd, fo that 
it be every where of an equal thicknefs. Let it not be thicker 
on one fide than on the other, left it make objea* appear colour- 
ed and indiftina ; and let it be very truly wrought and quick-fil- 
vered over on the backfide, and fet in the tube vxyz which muft 
be very black within. Let efg reprefent a prifin of glafs, or 
cryftal, placed near the other end of the tube, in the middle of 
it, by means of a handle of brafs or iron fgk, to the end of 
which made flat it is cemented. Let this prifm be reaangular at 
E, and let the other two angles at f and g be accurately equal to 
each other, and by confequence equal to half right ones; and 
let the plane fides fe and ge be fquare, and by confequence the 
third fide fg a reaangular parallelogram, whofe length is to its 
breadth in a fubduplicate proportion of two to one. Let it be fo 
placed in the tube, that the axis of the fpeculum may pafs through 
the middle of the fquare fide ef perpendicularly, and bv eonfi> 
quence through the middle of the fide fg at an angle of 45. de- 
grees; and let the fide ef be turned towards the fpeculum, and 

the: 
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reflect- the diftance of this prifiii from the fpeculum be fuch, that the 
IN0 rays of the light pq_, rs, &c. which are incident upon the fpe- 
culum in lines parallel to the axis thereof, may enter the prifm 
at the fide ef, and be reflected by the fide fg, and thence go out 
of it, through the fide ge, to the point t ; which rauft be the com- 
mon focus of the fpeculum abdc, and of a plano-convex eye- 
glafs, h, through which thofe rays muft pais to the eye. And 
let the rays, at their coming out of the gtafs, pafs through a 
fmall round hole or aperture made in a little plate of lead, brafs 
or filver, wherewith the glais is to be covered, which hole muft 
be no bigger than is neceffary for light enough to pafs through. 
For lb it will render the object diftinct, the plate, in which it is 
made, intercepting all the erroneous part of the light which 
comes from the verges of the fpeculum ab. Such an inftru- 
ment well made, if it be fix foot long (reckoning the length from 
the fpeculum to the prifm, and thence to the focus t) will bear 
an aperture of fix inches at the fpeculum, and magnify between 
two and three hundred times. But the hole h here limits the 
aperture with more advantage, than if the aperture was placed 
at the fpeculum. If the inftrument be made longer or fhorter, 
the aperture muft be in proportion as the cube of the fquare-root 
ot the length, and the magnifying as the aperture. But it is 
convenient that the fpeculum be an inch or two broader than the 
aperture at leaft, and that the glafs of the fpeculum be thick, that 
it bend not in the working. The prifm EFG.muft be no bigger 
than is necefTary, and its backfide fg muft not be quicksilvered 
over. For without quick-filver it will reflect all the light incident 
on it from the fpeculum. 

In this inftrument the objeft will be inverted, but may be erec- 
ted by making the fquare fides ef and eg of the prifm efg not 
plane but fpherically convex, that the ravs may crofs as well be- 
fore they come at it, as afterwards between it and the eye-glafs. 
If it be defined that the inftrument bear a larger aperture, 1 that 
may be alfo done by compering the fpeculum of two daffes with 
water between them. ° 

If the theory of making telefcopes could at length be fully 
brought into pra a lce? yet there would be certain bounds beyond 

which 
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which telefcopes could not perform. For the air, through which 
we look upon the ftars, is in a perpetual tremor ; as may be fceiv 
by the tremulous motion of fhadows call from high towers, and 
by the twinkling of the fixed ftars. •" But thefe liars do not twin- 
kle when viewed through telefcopes which have large apertures. 
For the rays of light, which pafs through divers parts of the 
aperture, tremble each of them apart ; and by means of their 
various and fometimes contrary tremors, fall at one and the fame 
time upon different points in the bottom of the eye ; and their 
trembling motions are too quick and confufed to be perceived fe- 
verally. And all thefe illuminated points conftitute one broad 
lucid point, compofed of thofe many trembling points confufedly 
and infenfibly mixed with one anther by very fliort and fwift tie- 
mors ; and thereby caufe the ftar to appear broader than it is, and 
without any trembling of the whole. Long telefcopes may caufe 
objects to appear brighter and larger than Ihort ones can do; but 
they cannot be fo formed as to take away that confufion of the 
rays, which arifes from the tremors of the atmofphere. The 
only remedy is a moil ferene and quiet air, fuch as may perhaps 
be found on the tops of the bigheft mountains above the groffer 
clouds. 
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PART II. 

PROP. I. THE O R. I. 

the phenomena of colours in RefraBed or RefleBed Light are not 
caufed by new modifications of the light varioujly imprejed, ac- 
cording to the various terminations of the light and Jhadow. 

The proof by Experiments. 
Exper. i. T^OR if the fun mine into a very dark chamber 
A through an oblong hole f [in Jig. i .] whofe breadth 
is the fixth or eighth part of an inch, or fomething lefs ; and 
his beam, fh, do afterwards pafs firft through a very large prifm 
abc, diftant about 20 feet from the hole, and parallel to it, and 
then (with its white part) through an oblong hole H, whofe 
breadth is about the fortieth or fiftieth part of an inch, and which 
is made m a black opake body gi, and placed at the diftance of 
two or three feet from the prifm, in a parallel fituation both to 
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the prifm and to the former hole, and if this White light thus 
tranfmitted through the hole h, fall afterwards upon a white pa- 
per pt) placed after that hole h, at the diftance of three or four 
feet from it, and there paint the ufual colours of the prifm, fup* 
pofe Red at /, Yellow at s, Green at r, Blue at q, and Violet at 
p ; you may with an iron wire, or any fuch like flender opake 
body, whofe breadth is about the tenth part of an inch, by in- 
tercepting the rays at /, m, n & 0, take away any one of the 
colours at t, s } r, q orp, whilft the other colours remain upon the 
paper as before ; or with an obftacle fomething bigger you may 
take away any two, or three, or four colours together, the reft 
remaining. So that any one of the colours, as well as Violet, 
may become outmoft in the confine of the fhadow towards p, and 
any one of them as well as Red may become outmoft in the con- 
fine of the lhadow towards t t and any one of them may alfo bor- 
der upon the lhadow made within the colours by the obftacle, r, 
intercepting fome intermediate part of the light ; and, laftly, any 
one of them, by being left alone, may border upon the lhadow 
on either hand. All the colours have themfelves indifferently to 
any confines of lhadow, and therefore the differences of thefe co- 
lours from one another, do not arife from the different confines 
of lhadow, whereby light is variouily modified, as has hitherto 
been the opinion of philofophers. In trying thefe things it is to 
be obferved, that by how much the holes, f and h, are narrower, 
and the intervals between them and the prifm greater, and the 
chamber darker, by fomuch the better doth the experiment fuc- 
ceed ; provided the light be not fo far diminifhed, but that the 
colours at pt be fufficiently vifible. To procure a prifm of folid 
glafs large enough for this Experiment will be difficult, and there- 
fore a prifmatiek veffel muft be made of polifhed glafs plates ce- 
mented together, and filled -with fait water or clear oil. 

Exper. %. The fun's light let into a dark chamber through the 
round hole f [in fig. 2.] half an inch wide, pafTed firft through 
the prifm abc placed at the hole; and then through a lens r pt, 
fomething more than four inches broad, and about eight feet 
diftant from the prifm ; and thence converged to o the focus of 
the lens diftant from it about three feet; and there fell upon a 

L 2 white 
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white paper de. If that paper was perpendicular to that light 
incident upon it, as it is reprefented in the pofture de, all the co- 
lours upon it, at o, appeared White. But if the paper being turn- 
ed about an axis parallel to the prifm, became very much inclined 
to the light, as it is reprefented in the pofitions de and <fe ; the 
fame light in the one cafe appeared Yellow and Red, in the other 
Blue. Here one and the fame part of the light, in one and the 
fame place, according to the various inclinations of the paper, 
appeared in one cafe White, in another Yellow or Red, in a third 
Blue; whilft the confine of light and fliadow, and the refraaions 
of the prifm, in all thefe cafes, remained the fame. 

Exper. 3. Such another Experiment may be more eafily tried 
as follows. Let a broad beam of the fun's light, coming into a 
dark chamber through a hole in the window-lhut, be refra&ed 
by a large prifm abc \\x\ftg. 3.] whofe refracting angle c is more 
than 60 degrees ; and fo foon as it comes out of the prifm, let it 
fall upon the white paper, de, glewed upon a ftirT plane ; and 
this light, when the paper is perpendicular to it, as it is repre- 
fented in de, will appear perfectly White upon the paper ; but 
when the paper is very much inclined to it, in fuch a manner as 
to keep always parallel to the axis of the prifm, the whitenefs or. 
the whole light upon the paper will, according to the inclination 
of the paper this way or that way, change either into Yellow and 
Red, as in the pofture de; or into Blue and Violet, as in the pof- 
ture <5g. And if the light, before it fall upon the paper, be twice 
refracted the fame way by two parallel prifms, thefe colours will 
become the more confpicuous. Here all the middle parts of the 
broad beam of white' light, which fell upon the paper, did, with- 
out any confine of fliadow to modify it, become coloured all over 
with one uniform colour ; the colour being always the fame in 
the middle of the paper as at the edges; and this colour changed 
' according to the various obliquity of the reflecting paper, without 
any change in the refraaions or fliadow, or in the light, which 
fell upon the paper. And therefore thefe colours are to be de- 
rived from fome other caufe, than the new modifications of light 
by refraaions and fliadows. 



If 
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If it be afked, What then is their caufe? I anfwer, that the < ; f the ««. 
paper, in the pofture de 9 being more oblique to the more re f ran- ami sh^wr 
gible rays than to the lefs refrangible ones, is more ftrongly illu- 
minated by the latter than by the former ; and therefore the le£s 
refrangible rays are predominant in the refleaed light. And 
wherever they are predominant in any light they tinge it with 
Red or Yellow, as may in fome mealure appear by the firft Pro- 
pofition of the firft Book, and will more fully appear hereafter. 
And the contrary happens in the pofture of the paper cV, the 
more refrangible rays being then predominant, which always tinge 
light with Blues and Violets. 

Exper. 4. The colours of bubbles with which children play- 
are various, and change their fituation varioufly, without any re- 
fpea to any confine of fliadow. If fuch a bubble be covered 
with a concave glafs, to keep it from being agitated by any wind 
or motion of the air, the colours will flowly and regularly change 
their fituation, even whilft the eye, and the bubble, and all bo- 
dies which emit any light, or caft any fliadow, remain unmoved. 
And therefore their colours arife from fome regular caufe, which 
depends not on any confine of fliadow. What this caufe is, will 
be ftiew r ed in the next Book. 

To thefe Experiments may be added the tenth Experiment of 
the firft Book ; where the fun's light in a dark room being tra- 
jeaed through the parallel fuperficies of two prifms tied together 
in the form of a parallelopiped, became totally of one uniform 
Yellow or Red colour, at its emerging out of the prifms. Here, 
in the produaion of thefe colours, the confine of fliadow can 
have nothing to do. For the light changes from White to Yel- 
low, Orange and Red fucceflively, without any alteration of the 
confine of fliadow : and at both edges of the emerging light, 
where the contrary confines of fliadow ought to produce different 
effbas, the colour is one and the fame, whether it be White, Yel- 
low, Orange or Red : and in the middle of the emerging light, 
where there is no confine of fliadow at all, the colour is the very 
fame as at the edges, the whole light at its very firft emergence 
being of one uniform colour, whether White, Yellow, Orange or 
Red, and going on thence perpetually without any change of co- 
lour 
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colour no ef- lour, fuch as the confine of Ihadow is vulgarly firppofed to work 
fifeof ijghtin refraaed light after its emergence. Neither can thefe colour 
8fl d shade. arife from any new modifications of the light by refractions-; be- 
caufe they change fuccefiively from White to Yellow, Orange and 
Red, while the refraaions remain the fame; and alfo becaufe the 
refraaions are made contrary ways by parallel fuperficies, which 
deftroy one anothers efFedls. They arife not therefore from any 
modifications of light made by refraaions and fhadows, but have 
fome other caufe. What that caufe is we fhewed above in this 
tenth Experiment, and need not here repeat it. 

There is yet another material circumitance of this Experiment. 
For this emerging light being by a third prifm hik [in fig. 22. 
Part I.] refraaed towards the paper pt, and there painting the 
nfual colours of the prifm, Red, Yellow, Green, Blue, Violet : if 
thefe colours arofe from the refraaions of that prifm modifying 
the light, they would not be in the light before its incidence on 
that prifm. And yet in that Experiment we found, that when, 
by turning the two firft prifms about their common axis, all the 
colours were made to vaniftr but the Red ; the light which makes 
that Red being left alone, appeared of the very fame Red colour 
before its incidence on the third prifm. And in general we find 
by other Experiments, that when the rays, which differ in re- 
frangibility, are feparated from one another, and any one fort of 
them is confidered apart ; the colour of the light, which they com- 
pofe, cannot be changed by any refraaion or reflexion whatever; 
as it ought to be, were colours nothing elfe than modifications of 
light caufed by refraaions, and reflexions, and fhadows. This 
nnchangeablenefs of colour I am now to defcribe in the follow- 
ing Propolition. 

PROP. II. T H E O R. IL 

All Homogeneal Light has its proper colour anfwering lo its degree 
oj rejrangibility, and that colour cannot be changed by reflexions 
and refractions. 
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iST* v I Experiments of the fourth Proportion of the firft Book, 
when I had feparated the Heterogeneous Rays from one another, 
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the Ipearum/tf, formed by the feparated rays, did in the progrcfs r^hi ««- 
from its end />, on which the moll refrangible rays fell, unto iu t;, ''' !} * 
other end /, on which the leaft refrangible rays fell, appear tinged 
with this feries of colours; Violet, Indigo, Blue, Green, Yellow, 
Orange, Red, together with all their intermediate degrees in a 
continual fueceffion perpetually varying. So that there appeared 
as many degrees of colours, as there were forts of rays differing 
in refrangibility. 

Exper. 5. Now that thefe colours could not be changed by re- 
fraction, I knew by refraaing with a prifm fometimcs one very 
little part of this light, fometimes another very little part, as is 
defcribed in the twelfth Experiment of the fir It Book. For by 
this refraaion the colour of the light was never changed in the 
leaft. If any part of the Red light was refraaed, it remained 
totally of the fame Red colour as before. No Orange, no Yel- 
low, no Green or Blue, no other new colour was produced by 
that refraaion. Neither did the colour any ways change by re- 
peated refraaions, but continued always the fame Red entirely as 
at firft. The like conftancy and immutability I found alfo in the 
Blue, Green, and other colours. So alfo if I looked through a 
prifm upon any body illuminated with any part of this Iletero- 
geneal light, as in the fourteenth Experiment of the firft Book 
is defcribed ; I could not perceive any new colour generated this 
way. All bodies illuminated with Compound light appear through 
prifms confufed (as was faid above) and tinged with various new 
colours; but thofe illuminated with Homogencal light appeared 
through prifms neither lefs diftina, nor other wife coloured, than 
when viewed with the naked eyes. Their colours were not in 
the leaft changed by the refraaion of the intcrpofed prifm. I 
fpeak here of a fenfible change of colour : for the light which 
i here call Homogeneal, being not abfolutely homogcne.il, there 
ought to arife fome little change of colour from its heterogenei- 
ty. But if that heterogeneity was fo little, as it might be made 
by the faid Experiments of the fourth Propofuion, that change 
was not fenfible; and therefore in Experiments, where fenfe is 
judge, ought to be accounted none at aU, 
5 

Exper- 
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; , VV/ .. o. And as thefe colours were not changeable by refrac- 
tions' fo'neither were they by reflexions. For all White, Grey, 
Red, Yellow, Green, Blue, Violet bodies, as Paper, Afhes, Red 
Lead, Ornimcnt, Indigo, Bife, Gold, Silver, Copper, Grafs, Blue 
Flowers, Violets, bubbles of Water tinged with various colours, 
Peacock's Feathers, the tincture of Lignum Nepbriticum, and 
fuch like, in Red Homogeneal Light appeared totally red; in Blue 
light totally blue ; in Green light totally green ; and fo of other 
colours. In the Homogeneal light of any colour they all appear- 
ed totally of that fame colour ; with this only difference, that 
fome of them reflected that light more ftrongly, others more 
faintly. I never yet found any body, which by reflecting Ho- 
mogeneal light, could fenfibly change 1 its colour. 

From all which it is manifeft, that if the fun's light confuted 
of but one fort of rays, there would be but one colour in the 
whole world; nor would it be poffible to produce any new colour 
by reflexions and refractions, and by confequence that the variety 
of colours depends upon the compofkion of light. 

DEFINITION. 

The homogeneal light and rays which appear red', or rather 
make objects appear fo, I call Rubrific or Red-making ; thole 
which make objects appear yellow, green, blue and violet, I call 
Yellow-making, Green-making, Blue-making, Violet-making ; and 
fo of the reft. And if at any time I fpeak of light and rays as 
coloured, or endued with colours ; I would be underftood to fpeak 
not philofbphically and properly, but grofsly, and according to 
fuch conceptions as vulgar people, in feeing all thefe Experiments, 
would be apt to frame. For the rays, to fpeak properly, are not 
coloured. In them there is nothing elfe, than a certain power and 
difpolition to ftir up a fenfation of this or that colour. For as 
found in a bell, or mufical firing, or other founding body, is 
nothing but a trembling motion; and in the air, nothing but that 
motion propagated from the object; and in the fenforium, it is a 
fenfe of that motion under the form of found ; fo Colours in the 
Objea are nothing but a difpofition to reflea this or that fort of 
rays more copioufly than the reft ; hi the Rays, they are nothing 

but 
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but their diipofitions to propagate this or that morion into the fen- 
forium; and in the fenforium, they are fenfhtions of thole mo- 
tions under the forms of colours. 

prop. nr. p r o b. i. 

7b define the refrangibuity of the fever al forts of Homogeneal U^ht 
aupreriiig to the J ever al colours. 

For determining thw Problem I made the following Experi • t 
ment. j 

Exper. 7. When I had caufed the rectilinear fides a-P, gm [in' 
fig. 4.] of the fpectrum of colours made by the prifm to be dtf- 
tinctly defined, as in the fifth Experiment of the firft Part is do- 
fcribed ( a ), there were found in it all the Homogeneal colours, in 
the fame order and fltuation one among another as in the fpec- 
trumof fimple light, deftribed in the fourth Propofitton of that 
Part. For the circles, of which the fpectrum' of Compound 
Light pt is compofed, and which in the middle parts of the fpec- 
trum interfere, and are intermixed with one another, are not in- 
termixed in their outmoft part?, where they touch thofe rectilinear 
fides af and gm. And therefore in thofe rectilinear fides, when 
diftinctly defined, there is no new colour generated by refraction. 
I obferved alfo, that if any where between -the two outmoft cir- 
cles, tmf and pga, a right line, as was crofs to the fpectrum, 
fo as at both ends to fall perpendicularly upon its rectilinear fides, 
there appeared one and the fame colour, and degree of colour 
from one end of this line to the other. I delineated therefore 
in a paper the perimeter of the fpectrum fapgmt, and in trying 
the third Experiment of the firft Book, I held the paper fo that 
the fpectrum might fall upon this delineated figure, and agree 
with it exactly; vhilftan afTiftant, whofe eyes for diftinguifhing 
colours were more critical than mine, did by right lines otS, 
ff, 8cc. drawn crofs the fpectrum, note the confines of the co- 
lours ; that is, of the Red m*,£f ; of the Orange, uyft ; of the 
Yellow, ysfT; of the Green, v,;Y(; of the Blue,r (i '*; ; of the Indigo, 

( > N :••.<. y, by plai-.g .1 icn- at :V,e hole where the light wai admitted, to take awajr thepe- 
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Therefrangi- i7^; and of the Violet, aga//. And this operation being divers 
buiryot 'the times repeated, both in the fame and in feveral papers, I found 
that the obfervations agreed well enough with one another ;. and 
that the rectilinear fides, mg and fa, were by the faid crofs lines 
divided after the manner of a Mufical Chord. JLet gm be pro- 
duced to x, that mx may be equal to gm, and conceive gx, ^x>. 
a, r t T r ex, 7X,. «x, mx ?i to be" in proportion to one another, as 
the numbers, 1, f, {, f, |, |, T \> t> and To to reprefent the chords 
of the key y and of a tone,, a third minor, a fourth, a fifth,, a 
fixth major, a feventh and an eighth above that key : and the in- 
tervals M#,,ay, <ys, £Y), nh and ag> will be the fpecies which 
the feveral colours (Red, Orange, Yellow,. Green, Blue, Indigo, 
Violet) - take up ( b ). 

Now tliefe intervals or fpaces fubtending the differences of the 
refractions of the rays going to the Limits of thofe colours*, that 
is, to the points m, oc, y, g, jj, /, >, g, may, without any fenlible 
qrror, be accounted proportional to the differences of the fines of 
r.e fraction of thofe rays having one common fine of incidence;- 
and therefore* fmce the common fine of incidence of the moft 
a^nd leaft refrangible rays out of glafs into air, was by a method 
defcribed above, found in proportion to their fines of refraction, 
as- 50 to 7 7 and.78; divide the difference between the fines of re- 
traction, 77 ad 78,. as, the line gm is divided by thofe intervals; 
and you- will have 77>7?i> 7.7f, 7:7p 77t> 77 j, 77|, 7», the fines 
or refraction of thofe rays out of glafs into air,., their common 
line of incidence being 50 (<% So then the fines of the inci- 




ccording 

all intermediate proportions.. And the fines of the incidences of r 
the .Green-making rays were to the fines of their refra&ions in all 
proportions from that of 50 to 77}, unto that of 50 to 77I- 

And 

t) Vi«. Lc£. Opt. Part n. §'n 9 -i. J3 „ : 
(;} Le^t.-Opt. Part II. § i 24 _i 27 , 
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And by the like limits abovementioned were the refractions of the fcv CT .ii n...™ 
rays belonging to the reft of the colours defined; the" fines of the tefi a " 
Red-making rays extending from 7 7 to 77I; thofe of the Orange- 
making, from 77^ to 77 j; thofe of the Yellow-making, from 77 J 
to 77f; thofe -of the Green-making, from 7 7^ to 7 7^; thofe of the 
Blue-making; from77|to 77^; thofe of the Indigo-making, from 
77ft0 77|-j andthoieof the Violet from 77^ to 7 Si 

Theie are the laws of the refractions made out of glafs into 
air, and thence by the third Axiom of the firft Part of this Book, 
the laws of the refractions made out of air into glafs are eafily 
derived; 

Expcr. S. I found moveover that when light goes out of -air 
through feveral contiguous refracting mediums, as through Wa- 
ter and glafs, and thence goes out again into air, whether the* 
refracting fuperficies be parallel or inclined to one another, that 
light as often as by contrary refractions it is fo corrected, that k 
emergeth in lines parallel to thofe in which it was incident ( d ), 
continues ever after to be. White. But if the emergent rays be 
inclined to the incident, the whitenefsof the emerging light will 
by degrees in pairing on from the place of emergence, become 
tinged in its edges with colours. This I tried by refracting light 
with prifms of glafs placed within a prifmatick veffel of water. 
Now thofe colours argue a diverging and feparation of the hete- 
rogeneous rays from one another by means of their unequal re- 
fractions ; as in what follows will more fully appear* And on 
the contrary, the permanent Whitenefs argues, that in like inci- 
dences of the rays there is no fuch feparation of the emerging 
rays, and by confequence no inequality of their whole retrac- 
tions. Whence I feem to gather the two following Theorems. 

1. The excefles of the fines of refraction of feveral forts of 
rays above their common fine of incidence, when the refractions 
are made out of divers denfer mediums immediately into one and 

they are to emerge, and lend them out from thence in a direction parallel to that, in ivhieh the 
compound ray--..-.- incident; the CT,-;<;>n; ):'■'- v.i'icc r'vi, i -.'-f :-. l<'mi ?<^\n ! y lie no- 
ne.', refrc. -ion, continut: to be vhitt. jt tl c cjiei i.ic r.'vs on^qe dnicrent points in the 
br rctracti-.g fartacc, i^tv-ithibnch; g tirt t'-.v go tV- . '.n p-.d el <' r^vm, r:ch \ ,!l fitft.vc 
i\« proper colour : s; car Author hath fuMy ^cv n in h.; Let. O r r. Pert II. Sect, i v, 
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The refrangi- the fame -rarer medium, fuppofe of air, are to one another in a 

II. The proportion of the fine of incidence to the fine of re- 
fraction of one and the fame fort of rays out of one medium into 
another, is com pofed of the proportion of the fine of incidence 
to the fine of refraction out of the firft medium into any third 
medium, and of the proportion of the fine of incidence to the 
fine of refraction out of that third medium into die fecond me- 
dium (*). 

By the firft Theorem the refractions of the rays of every fort; 
made out of any medium into air, are known by having the re- 
fraction of the rays of any one fort. As for inftance, if the re- 
fractions of the rays of every fort out of rain-water into air be 
defired, let the common fine of incidence out of jglafs into air be 
fubducted from the fines of refraction, and the ^exceffes will be 
■a 7, 27jj 27{, 27^ 20^ 27f, 271, 28;. Suppoie mow that the 
fine of incidence ©f the leaft refrangible ray s be to- their fine of 
refraction out of rain-water into air as 3 to 4; and fay us 1, the 
difference of thofe fines, as to 3, the fine of incidence, fo is 27% 
the leaft of the^exeeffles above^menlianed, to a fourth number* 
81 ; and Si will be the common fine of incidence out of rain- 
water into air ; to which fine if you add all the above^mentianed 
exceffes, you will have the defired fines of the refractions 108^ 
108-i, 1084, 108;-, *o8i, io8|, i08f, 109. 

By the latter Theorem the refraction out of one medium into 
another is gathered, as often as you have the refractions out of 
them- both into any third- medium. As if the fine of incidence 
of any ray out of glafs into akbe*o its fine of refraction as W 
to 31, and the fine of incidence of the fame ray out of air into 
water be to its fine of refra&ion as 4 to 3 ; the fine of incidence 
of that ray out of glafs into water will be to its fine of refraaion 
as 20 to 31, and 4 to 3 jointly ; that is, as the factum of 20 and 
4 to the radtum of 31 and 3, or as 80 to 93. 

And thefe Theorems being admitted into Opticks, there would 
be icope enough of handling that fcience voluminoufiv after a 
new manner; not only by teaching thofe things which tend to the 

( ) Vide Left. Opt. Part. I. § 44. 

perfection 
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perfection of vifion, but alfo by determining mathematically all : -<o...- R ay , 
kinds of phenomena of colours which could be produced by re- . acfil ' td ' 
fractions. For to do this, there is nothing elfe requifite than to 
find out the feparationsof heterogeneous rays, and their various 
mixtures, and proportions in every mixture. By this way of ar- 
guing I invented almoft all the phenomena defcribed in thefe 
books, befide fome others lefs neceffiry to the argument ; and by 
the fucceffes I met with in the trials, I dare promife, that to him 
who ihall argue truely, and then try all things with good glaffcs 
and fufficientcircumfpection, the expected event will not be want- 
ing. But he is firft to know what colours will arife from any 
others mixed in any afligned proportion. 

PROP. IV. THE O R. III. 

Colours may be produced by composition, which ./hall be like to the co- 
lours of Homogeneal Light as to the appearance of colour, but 
not as to the immutability of colour and conjiitution of light. And 
thofe colours, by how much they are more compounded, byfo much 
are they lefs full and intenfe ; and, by too much compofition, they 
may be diluted and weakened till they ceafe, and the mixture be- 
comes white or grey. 'There may be alfo colours produced by com- 
pofition, which are not fully like any of the colours of Homogeneal 
Light. 

For a mixture of Homogeneal Red and Yellow compounds an Colours niaiJe 
Orange, like in appearance of colour to that Grange, which in !^" mpu " 
the feries of unmixed prifmatick colours lies between them ; but 
the light of one Orange is Homogeneal as to refrangibility, that 
of the other is Heterogeneal ; and the colour of the one, if view- 
ed through a prifm, remains unchanged; that of the other is 
changed and refolvcd into its component colours, Red and Yellow. 
And after the fame manner other neighbouring homogeneal co- 
lours may compound new colours, like the intermediate homo- 
geneal ones ; as Yellow and Green, the colour between them 
both ; and afterwards, if Blue be added, there will be made a 
Green, the middle colour of the three which enter the compofi- 

(0 Vide Lc£. Opt. Part. I § 34 ft 35. 
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c burs tion : for the Yellow and Blue on either hand, if they are equal 
K'n^fiuon. in quantity, they draw the intermediate Green equally towards 
themfelves in compolirion, and fo keep it as it were in aquilibm^ 
that it verge not more to the Yellow on the one hand, than to the 
Blue on the other, but by their mixed actions remain ftill a mid- 
dle colour. To this mixed Green there may be farther added 
fome Red and Violet ; and yet the Green will not prefently ceafe, 
but only grow lefs full and vivid; and by increafing the Red and 
Violet it will grow more and more dilute, until, by the preva- 
lence of the added colours, it be overcome and turned into white- 
nefs, or fome other colour. So if to the colour of any homo- 
geneal light, the fun's white light compofed of all forts of rays 
be added, that colour will not vanilli, or change its fpecies, but 
be diluted ; and, by adding more and more White, it will be di- 
luted more and more perpetually. Laftly, if Red and Violet be 
mingled, there will be generated, according to their various pro- 
portions, various Purples, fuch as are not like in appearance to 
the colour of any Homogeneal Light ; and of thefe Purples mix- 
ed with Yellow and Blue may be made other new colours. 

PROP. V. T H E O R. IV. 

Whitenefs, and all Grey colours between white and blacky may be 
compounded of colours, and the wbitenefs of the fun's light is 
compounded of all the Primary colours mixed in a due proportion. 

The Proof by Experiments. 

XsS? . Exper ' 9 ' Tbe fun fllinin S into a d ^k chamber through a 
Ligh: little round hole in the window-lliut, and his light being there 
refra&ed by a prifm to call his coloured image pt [in fig. 5 .] upon 
the oppofite wall : I held a white paper, v, to that image, in 
fuch manner that it might be illuminated by the coloured light 
refleaed from thence, and yet not intercept any part of that light 
in its paffage from the prifm to the fpearum. And I found that 
when the paper was heW nearer to any colour than to the reft, it 
appeared of that colour to whick it approached neareft; but when 
*t was equally or almoft equally diftant from all the colours, fo 

that 
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that it might be equally illuminated by them all, it appeared an ?m 
White. And in this laft fituation of the paper, if fome colours Compofil 
were intercepted, the paper loft its White colour, and appeared 
of the colour of the reft of the light which was not intercepted. 
So then the paper was illuminated with lights of various colours, 
namely, Red, Yellow, Green, Blue and Violet; and every part of 
the light retained its proper colour, until it was incident on the 
paper, and became refleaed thence to the eye ; fo that if it had 
been either alone, the reft of the light being intercepted, or if it 
had abounded moft and been predominant in the light refleaed 
from the paper, it would have tinged the paper with its own co- 
lour ; and yet being mixed with the reft of the colours in a due 
proportion, it made the paper look White,, and therefore by a 
compofition with the reft produced that colour. The fe vera! parts 
of the coloured light refleaed from the fpearum, whilft they are 
propagated from thence through the air, do perpetually retain 
their proper colours \ becaufe wherever they fall upon the eyes 
of any fpettator, they make thefeveral parts of the fpearum to 
appear under their proper colours. They retain therefore their- 
proper colours, when they fall upon the paper, v, and fo by the 
confufion and perfea mixture of thofe colours compound the 
Whitenefs of the light refleaed from thence. 

Exper. 10. Let that fpearum or folar image ?t [in- fig. 6.] fall 
now upon the lens mn, above four inches broad, and about fix 
feet diftant from the prifm abc, and fo- figured, that it may caufe 
the coloured light, which divergeth from- the prifm, to converge 
rdud meet again at its focus g ; about fix or eight feet diftant from 
the lens, and there to fall perpendicularly upon a white paper, 
BE. And if you move this paper to and fro, you will perceive 
that near the lens at de, the whole iolar image, fuppofe at /•/, 
will appear upon it inteafely coloured after the manner above- 
explained ;. and that by receding from the leu thole colours will 
perpetually come towards one another, and by mixing, more and 
more dilute one another continually, until at length the paper 
come to the focus g, where by a perfect mixture they will wholly 
vanifli,, and be converted into Whitenefs ; the whole, light ap- 
pearing now upon the paper like a little white circle. And after- 
I ward?, 
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Th,wiuene^ wards, by receding farther from the lens, the ray?, which be- 
l- t SJur fore converged, will now crofs one another in the focus g, and di- 
ver ge from thence, and thereby make the colours to appear again, 
but^yet in a contrary order ; fuppofe at $s 9 where the Red / is 
now above which before was below, and the Violet p is below 
which before was above. 

Let us now flop the paper at the focus G, where the light ap- 
pears totally white and circular, and let us confider its Whitenefs. 
I fay, that this is compofed of the converging colours. For if 
any of thofe colours be intercepted at the lens, the Whitenefs 
will ceafe, and degenerate into that colour, which arifeth from 
the Cornpofition of the other colours which are not intercepted. 
And then if the intercepted colours be let pafs and fall upon that 
compound colour, they mix with it, and by their mixture reftore 
the Whitenefs. So if the Violet, Blue and Green be intercepted, 
the remaining Yellow, Orange and Red will compound upon the 
paper an Orange ; and then if the intercepted colours be let pafs, 
they will fall upon this compound Orange, and together with it 
decompound a White. So alfo if the Red and Violet be inter- 
cepted, the remaining Yellow, Green and Blue, will compound a 
Green upon the paper; and then the Red and Violet being let 
pafs will fall upon this Green, and together with it decompound 
a White. And that in this cornpofition of White the feveral 
rays do not fuffer any change in their colorific qualities, by acting 
upon one another, but are only mixed, and by a mixture of their 
colours produce White, may farther appear by thefe Arguments. 

If the paper be placed beyond the focus g, fuppofe at h, and 
then the Red colour at the lens be alternately intercepted, and let 
pafs again, the Violet colour on the paper will not fuffer any 
change thereby ; as it ought to do, if the feveral forts of rays 
acted upon one another in the focus g, where they crofs. Nei- 
ther will the Red upon the paper be changed by any alternate 
topping, and letting pafs the Violet which croffeth it. 

And if the paper be placed at the focus g, and the white 
round image at g be viewed through the prifm hik, and by the 
refraction of that prifm be tranflated to the place rv, and there 
appear tinged with various colours, namely, the Violet at v ^ d 

Red 
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Red at r, and others between ; and then the Red colour at the the cM o 
lens be often flopped and let pafs by turns, the Red at r will ac _ Com * X}fiuo 
cordingly difappear and return as often, but the Violet at v will 
not thereby fuffer any change. And fo by flopping and letting 
pafs alternately the Blue at the lens, the Blue at r will according- 
ly difappear and return, without any change made in the Red at 
r. The Red therefore depends on one fort of rays, and the Blue 
on another fort, which in the focus g, where they are commix- 
ed, do not act on one another. And there is the fame reafon of 
the other colours. 

I confidered farther, that when the moft refrangible rays, vp» 
and the leaft refrangible ones, t/, are by converging inclined to 
one another; the paper, if held very oblique to thofe rays in the 
focus, g, might reflect one fort of them more copioufly than the 
other fort ; and by that means the reflected light would be tinged 
in that focus with the colour of the predominant rays ; provided 
thofe rays feverally retained their colours or colorific qualities, in 
the cornpofition of White made by them in that focus. But if 
they did not retain them in that White, but became all of them 
feverally endued there with a difpofition to ftrike the fenfe with 
the perception of White, then they could never lofe their White- 
nefs by fuch reflexions. I inclined therefore the paper to the 
rays very obliquely, as in the fecond Experiment of this Book, 
that the mofl refrangible rays might be more copioufly reflected 
than the reft, and the Whitenefs at length changed fucceffively 
into Blue, Indigo and Violet. Then I inclined it the contrary way, 
that the leaft refrangible rays might be more copious in the re- 
flected light than the reft, and the Whitenefs turned fucceffively 
to Yellow, Orange and Red. 

Laftly, I made an inftrument xy in fafhion of a comb, whofe 
teeth, being in number fixteen, were about an inch and an half 
broad, and the intervals of the teeth about two inches wide. 
Then by interpofing fucceffively the teeth of this inftrument 
near the lens, I intercepted part of the colours by the interpofed 
tooth, whilft the reft of them went on through the interval of 
the teeth to the paper de, and there painted a round Solar image. 
But the paper I had full placed fo, that the image might appear 

Vol. IV. N White, 
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The White- White, as often as the comb was taken away ; and then the comb 
wLgk being as was faid interpofed, that Whitenefs, byreafonof the in- 
tercepted part of the colours at the lens, did always change inta 
the colour compounded of thofe colours which were not inter- 
cepted ;• and that colour was, by the motion of the comb, perpe- 
tually varied - T fo that in the paffing of every tooth over the lens 
all thefe colours, Red^ Yellow, Green, Blue and Purple, did al- 
ways fucced one another. I caufed therefore all the teeth to pafs. 
fucceflively over the lens, and when the motion was flow, there 
appeared a perpetual fucceffion of the colours upon the paper : 
but if I fo much accelerated the motion, that the colours, by rea- 
fon of their quick fucceffion, could not be diftinguifhed from one 
another, the appearance of the Angle, colours ceafed. There was. 
no- Red, no Yellow,, no Green,, no Blue, nor Purple to be feen 
any longer, but from a confuhon of them all there arofe one uni- 
form White colour. Of the light which now by the mixture of 
all the colours appeared White, there was no part really White. 
One part was Red, another Yellow, a third Green, a fourth Blue,, 
a fifth Purple, and every part retains its proper colour till it ftrike 
the fenforium. If the impreffions follow one another {lowly, 
fo that they may be feverally perceived, there is made a diftinct 
fenfation of all the colours one after another in a continual fuc- 
ceiBom But if the- impreffions follow one another fo quickly 
that they cannot be feverally perceived, there arifeth out of them 
all one common fenfation, which is neither of this colour alone 
nor of that alone; but hath itfelf indifferently to them all, and 
this is a fenfation of Whitenefs By the quicknefs of the fuc- 
ceffions, the impreffions of the feveral colours are confounded in 
the fenforium, and out of that confufion arifeth a mixed fenfa- 
tion. It a burning coal be nimbly moved round in a circle with 
gyrations continually repeated, the whole circle will appear like 
fire; the reafon of which is, that the fenfation of the coal, in 
the ieveral places of that circle, remains impreffed on the fenfo- 
rium, until the coal return, again to the fame place. And lo in a 
quick confecution of the colours, the impreffion of every colour 
remains m the fenforium, until a revolution of all the colours be 
compleated, and that firft colour return again. The impreffions 
° therefore 
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therefore of all the fucceffive colours are at once in the fenfori- 'he df -a ft r 
um, and jointly ftir up a fenfation of them all ; and fo it is ma- Jn ' 1 ' 0 '' ' 
nifeft by this Experiment, that the commixed impreffions of all 
the colours do ftir up and beget a fenfition of White, that is, that 
Whitenefs is compounded of all the colours. 

And if the comb be now taken away, that all the colours may 
at«mce pafs from the lens to the paper, and be there intermixed, 
and together reflected thence to the fpectators eyes ; their im- 
preffions on the fenforium, being now more fubtilly and perfectly 
commixed there, ought much more to ftir u^ a fenfation of 
Whitenefs. 

You may inftead of the lens ufe two prifms [Jig. j.] hik and 
lmn, which by refracting the coloured light the contrary way to 
that of the firft. refraction, may make the diverging rays con- 
verge and meet again in g; as you fee reprefented in the feventh 
figure. For where they meet and mix they will compofe a White 
light, as when a lens is ufed. 

Exper. 1 1, Let the fun's coloured image pt [in fig. 8.] fall 
upon the wall of a dark chamber, as in the third Experiment of 
the firft Book, and let the fame be viewed through a prifm, abc, 
held parallel to the prifm, abc, by whofe refraction that image 
was made, and let it now appear lower than before, fuppofe in 
the place s, over againft the Red colour t. And if you go near 
to the image pt, the fpectrum s will appear oblong and coloured 
like the image pt ; but if you recede from it, the colours of the 
fpectrum, s, will be contracted more and more, and at length va- 
nifh ; that fpectrum s becoming perfectly round and white : and 
if you recede yet farther, the colours will emerge again, but in 
a contrary order. Now that fpectrum s appears White, in that 
cafe when the rays of feveral forts, which converge from the fe- 
veral parts of the image, pt, to the prifm abc, are fo refracted 
unequally by it, that in their paffage from the prifm to the eye, 
they may diverge from one and the fame point of the fpectrum 
s, and fo fall afterwards upon one and the fame point in the bot- 
tom of the eye, and there be mingled. 

And farther, if the comb be here made ufe of, by whofe 
teeth the colours at the image, PT,may be fucceflively intercepted; 

N 2 the 
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TheWhit*. the fpedtrum s> when the comb is moved (lowly, will be perpe- 
SoiwligM tually tinged with fucceflive colours : but when by accelerating 
the motion of the comb, the fucceflion of the colours is lb quick 
that they cannot be feverally feen, that fpectrum s, by a confufed 
and mixed fenfation of them all, will appear White. 

Exper, 1 2. The fun mining through a large prifm abc [in^. 
9.] upon a comb xy, placed immediately behind the prifm, his 
Fight, which paffed through the interfaces of the teeth, fell up- 
on a white paper r>E. The breadths of the teeth were equal to 
their interftices, and feven teeth together with their interfaces 
took up an inch in breadth. Now when the paper was about 
two or three inches drftant from the comb, the light, which paffed 
through its feveral interfaces, painted fo many ranges of colours, 
kl) mn, op, qr, &c. which were parallel to one another and conti- 
guous, and without any mixture of White. And thefe ranges- 
of colours, if the comb was moved continually up and dowa 
with a reciprocal motion, afcended and defcended in the paper,, 
and when the motion of the comb was fo quick, that the colours 
could not be diftinguifhed from one another, the whole paper, 
by their confufion and mixture in the fenforium, appeared White. 

Let the comb now reft; and let the paper be removed farther 
from the prifm, and the feveral ranges of colours will- be dilated 
and expanded into one another more and more, and, by mixing 
their colours, will dilute one another, and at length, when the 
diftance of the paper from the comb is about a foot, or a little 
more (fuppofe in the place 2D-2E) they will fa far dilute one an- 
other as to become White. 

With any obftacle let all the light be now flopped, which paffes 
through any one interval of the teeth ; fo that the range of co- 
lours which comes from thence may be taken away : and voa 
will fee the light of the reft of the ranges to be expanded into, 
the place of the range taken away, and there to be coloured. 
Let the intercepted range pafson as before, and its colours, falling 
upon the colours of the other ranges, and mixing with them, 
will reftore the Whitenefs. 

fo that the moft refrangible raj 3 may be more copioufly reflated 

than 
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than the reft; and the White colour of the paper, through thefe <fta.f 
excefs of thofe rays, will be changed into Blue and Violet. L et - Com * of,tion - 
the paper be as much inclined the contrary way, that the leaft 
refrangible rays may be now more copiouily refle&ed than the 
reft, and by their excefs the Whitenefs will be changed into Yel- 
low and Red. The feveral rays therefore in that White light da 
retain their colorific qualities, by which thofe of any fort, when- 
ever they become more copious than the reft, do by their excefs 
and predominance caufe their proper colour to appear. 

And by the fame way of arguing, applied to the third Experi- 
ment of this Book, it may be concluded, that the White colour 
of all refra&ed light, at its very firft emergence, where it ap- 
pears as white as before its incidence, is compounded of various 
colours. 

Exper. 13. In the foregoing Experiment the feveral Intervals 
of the teeth of the comb do the office of fo many prifms, every 
interval producing the phenomenon of one prifm. Whence in- 
ftead of thofe intervals uling feveral prifms, I tried to compound 
Whitenefs by mixing their colours ; and did it by ufing only three 
prifms, as alio by uling only two as before. Let two prifms, abc 
and abc [in Jig. 10.] whofe refracting angles, b and b, are equal, 
fee fo placed parallel to one another, that the refra&ing angle . b 
of the one may touch the angle c at the bafe of the other, and 
their planes, cB-and cb, at which the rays emerge, may lie in di- 
rectum. Then let the light t rejected through them fall upon the 
Paper mn, diftant about 8 or 1 2 inches from the prifms. And 
the colours generated by the interior limits, b and c, of the two 
prifms, will be mingled at pt, and there compound W r hite. For 
i either prifm be taken away, the colours made by the other 
^ appear in that place pt ; and when the prifm is reftored to its 
I ace again, fo that its colours may there fall upon the colours of 

e other, the mixture of them both will reftore the Whitenefs. 
el A* Experiment f ucceeds alfo, as I have tried, when the an- 
o e of the lower prifm is a little greater than the angle b of the 
forn* an( * ^ etween mt erior angles b and c y there intercedes 
Planes 1 ^ 6 ^ as is re P rdentetl in the figure, and the refracting, 
s ) b c ^ are neither j n di re £f mi nor parallel to one an- 
other* 
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The white- othef. For there is nothing more requifite tothe/uceefs of this 
SoiLr Light Experiment, than that the rays of all forts may be uniformly 
mixed upon the paper, in the place pt. If the moft refrangible 
rays, coming from the fuperior prifm, take up all the fpace from 
M to p; the rays of the fame fort, which come from the inferior 
prifm, ought to begin at p, and take up all the reft of the fpace 
from thence towards n. If the leaft refrangible rays, coming 
from the fuperior prifm, take up the fpace mt ; the rays of the 
fame kind, which come from the other prifm, ought to begin at 
t, and take up the remaining fpace tn. If one fort of the rays 
which have intermediate degrees of refrangibility, and come 
from the fuperior prifm, be extended through the fpace MQ,, and 
another fort of thofe rays through the fpace mr, and a third fort 
of them through the fpace ms ; the fame forts of rays, coming 
from the lower prifm, ought to illuminate the remaining fpac s 
qn, rn, sn, refpe&ively. And the fame is to be underftood of 
all the other forts of rays. For thus the rays of every fort will 
be fcattered uniformly and evenly through the whole fpace mn, 
and fo being every where mixed in the fame proportion, they 
muft every where produce the fame colours. A nd therefore fince 
by this mixture they produce White in the exterior fpaces mp and 
tn, they muft alfo produce White in the interior fpace pt. This 
is the reafon of the compofition by which Whitenefs was produ- 
ced in this Experiment; and by what other way foever I made the 
like Compofition, the refult was Whitenefs. 

Laftiy, if with the teeth of a comb of a due fize, the coloured 
lights of the two prifms, which fall upon the fpace pt, be alter- 
nately intercepted ; that fpace pt, when the motion of the comb 
is flow, will always appear coloured. But by accelerating the mo- 
tum of the comb fo much, that the fucceffive colours cannot be 
diftmguifhed from one another, it will appear White. 

Escper. 14. Hitherto I have produced Whitenefs by mixing the 
colours of prifms. If now the colours of Natural bodies are to 
be mingled, let water a little thickened with foap be agitated to 
raife a troth ; and after that froth has flood a little, there will 
appear to one, that fhall view it intently, various colours every 
where in the furfaces of the feveral bubbles; but to one that 

fhall 
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/hall goto far off that he cannot diftinguilh the colours irom^JJ 
one another, the whole froth will grow White with a perfeft Cornpoluioiu 
whitenefs. 1 

Exper. 15. Laftiy, in attempting: to compound a White by 
mixingthe coloured powders, which painters ule ; I confined th4 
all coloured powders do fupprefs and flop in them a verv confi- 
derable part of the light, by which they are illuminated. For 
they become coloured by renting the light of their own co- 
lours more copioufly, and that of all othes colours more fpariW- 
ly ; and yet they do not reflect the light of their own colours fo 
copiouily as White bodies do. If re d lead, for inftance, and a 
white paper, be placed in the red light of the coloured fpe&rum 
made m a dark chamber by the refraction of a prifm, as is del 
fenbed m the third Experiment of the firft Book ; the paper will 
appear more lucid than the red lead, and therefore refits the 
Ked-niaking rays more copiouily than red lead doth. And if 
they be held in the light of any other colour, the light reflected 
^ the paper will exceed the light reflected by the red lead in a 
miich greater proportion. And the like happens in powders of 
other colours. And therefore by mixing fuch powders we are 

Z f° CXP ; * ftr ° ng and m White > fuch as ^ of paper, 
but feme diilky obfeure one, fuch as might arife from a mixture 
« light and darknefs, or from White and Black ; that is, a Grey, 
« Dun, or Ruftet-brown, fuch as are the colours of a man's 

(Tuft n 1 r m0Ufe, ° f afheS ' ° f ordinar > r ftones > of morta r, of 
I ha I m hi S hwa y s > ^ the like. And fuch a dark White- 
one n 77 Pr ° dUCed b >' mixin §" coloured powders. For thus- 
dim col ° n d lea<1 ' and five P aIts of riride &ris, compofed a 

verallv f Ur ° f * m ° ufe * For thefe two colours were fe ~ 

Mres of ° ^ miX)unded of othe ^» that in both together were mix- 
&is h 3 C r ° r ° Urs ' and there were lefs red lead ufed than Viride 
*ti lead a ° f thC fullnefs ° f itS coIour ' A S ain > one P artof 
Ver gin? a ri t0Ur PanS ° f blUG bife ' com P°^ d a dun colour 
^ Orpirnent ^ ? ! irpk ; and by addin g t0 th *s a certain mixture 
bft it s pnrT 3001 Ft7ide ^ Vis in a due P ro P ortion > the mixture 
leridew f tm6tllre * ancl bcca me perfectly Dun. But the Ex- 
ceeded belt without Minium thus. To Orpiment Ii 
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The white- added by little and little a certain full bright Purple, which painters 
sSrlight ufe, until the orpiment ceafed to be Yellow, and became of a 
pale Red. Then I diluted that Red by adding a little Viride Mris, 
and a little more blue bife than Viride JEris, until it became of 
fuch a grey or pale White, as verged to no one of the colours 
more than to another. For thus it became of a colour equal in 
whitenefs to that of allies, or of wood newly cut, or of a man's 
lkin. The orpiment reflected more light than did any other of 
the powders, and therefore conduced more to the Whitenefs of 
the compounded colour than they. To affign the proportions 
accurately may be difficult, by reafon of the different goodnefsof 
powders of the fame kind. Accordingly as the colour of any 
powder is more or lefs full and luminous, it ought to be ufed in 
a lefs or greater proportion. 

Now confidering that thefe grey and dun colours may be allb 
produced by mixing Whites and Blacks, and by confequence dif- 
fer from perfea Whites not in fpecies of colours, but only in de- 
gree of luminoufnefs, it is manifeft that there is nothing more 
requifite to make them perfectly white than to increafe their light 
fufficiently ; and, on the contrary, if by increafing their light 
they can be brought to perfea Whitenefs, it will thence alfo fol- 
low, that they are of the fame fpecies of colour with the beft 
Whites, and differ from them only in the quantity of light. And 
tins I tried as follows. I took the third of the above-mentioned 
grey mixtures (that which was compounded of Orpiment, Purple, 
Bife and Wide ASris) and rubbed it thickly upon the floor of my 
chamber, where the fun (hone upon it through the opened cafe- 
ment; and by it, in the fh ado w, I laid a piece of white paperof 
the fame bignefs. Then going from them to the diftance of I % 
L i \ T 1 C ° UW not dlfcern the uneveiinefs of the fur- 
ies V Z \ UttlG fc^wslet ^ from the gritty 
S'nd f I Mr aPPCared in * nfel ? White > ^ » 

EHa£ In , ^ fr ° m the "« ht Gf the ; and then 

where the fun by ^ the ^ 

lilacs through the glafs of the window, or by 

fhutting 
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lhutting the window, that the fun might mine through the glafs a. dw* 
upon the powder, and by fuch other fit means of increafing or*"""* 
decreafing the lights, wherewith the powder and paper were il- 
luminated; the light wherewith the powder is illuminated may be 
made ftronger, in fuch a due proportion, than the light where- 
with the paper is illuminated, that they mall both appear exa&ly 
alike in Whitenefs. For when I was trying this, a friend com- 
ing to viiit me, I flopped him at the door; and before 1 told him 
■what the colours were, or what I was doing, I alked him, Which 
•of the two Whites were the beft, and wherein they differed ? 
And after he had at that diftance viewed them well, he anfwer- 
•ed, That they were both good .Whites, and that he could not fay 
which was beft, nor wherein their colours differed; Now if you 
conlider, that this White of the powder, in the. fun-ftiine was 
compounded of the colours which the component powders, Or- 
piment, Purple, Bife, and Viride /Eris, have in the farne fun-fliine ; 
you muft acknowledge by this Experiment, as well as by the 
former, that perfect Whitenefs may be compounded of colours. 

From what has been faid it is alfo evident, that the Whitenefs 
of the fun's light is compounded of all the colours wherewith 
the feveral forts of rays, whereof that light confifts^ when by 
their feveral refrangibilities they are feparated from one another, 
do tinge paper or any other white body whereon they fall. For 
thofe colours, by Prop. II. are unchangeable, and whenever all 
thofc rays, with thofe their colours, are mixed again, they re- 
produce the fame White light as before. 

PROP. VI. PRO B. II. 

fx a mixture of Primary Colours, the quantity and quality of each 
being given, to know the colour of the compound. 

With the center o \mfig. n.] and radius od defcribe a circle 
AD P; and diftinguifh its circumference into feven parts, de, ef, 
5 G > ga, ar, bc, cd, proportional to the feven mufical tones or 
intervals of the eight founds, /o/, la,fa,fol, la, mi,fa,fol, con- 
fined m an eight ; that is, proportional to the numbers i, T ' ? , ~ f 
~6> tV> f Let the firft part, de, reprefent a Red colour; the fe- 
VoL -IV. o cond, 
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To afcertain cond,EFj Orange; the third, fg, Yellow; the fourth, GA,Green ; the 
AeCoiour fift ^ ^ Blue . the fixthj Indigo . and the f eve nth, cd, Violet. 

And conceive that thefe are all the colours of uncompounded light 
gradually pafling into one another, as they do when made by 
prifms ; the circumference defgabcd, reprefenting the whole 
feries of colours from one end of the fun's coloured image to the 
other ; fo that from d to e be all degrees of Red ; at e, the mean 
colour between Red and Orange; from e to F,all degrees of Orange; 
at f, the mean between Orange and Yellow; from f to g, all de- 
grees of Yellow, and fo on. Let p be the center of gravity of 
the arch be, and g } r, j, t> u 9 x t the centers of gravity of the 
arches ef, fg, ga, ab, bc and cd refpetftively ; and about thofe 
centers of gravity let circles, proportional to the number of rays 
of each colour in the given mixture, be defcribed ; that is, the 
eircle p proportional to the number of the Red-making rays in 
the mixture ; the circle q proportional to the number of the 
Orange^making rays in the mixture, and fo of the reft. Find 
the common center of gravity of all thofe circles p, q, r, s, t, u, 
Let that center be z ; and from the center of the circle adf, 
through z to the circumference, drawing the right line oy, the 
place of the point t in the circumference (hall fliew the colour 
arifing from the compofition of all the colours in the given mix- 
ture ; and the line oz fhall be proportional to the fulnefs or in- 
tenfenefs of the colour, that is, to its diftance from Whitenefs. 
As if y fall in the middle between f and g, the compounded co- 
lour ftiall be the beft Yellow ; if y verge from the middle towards* 
f or g, the compound colour fhall accordingly be a Yellow, verg- 
ing towards Orange or Green. If z fall upon the circumference, 
the colour fhall be intenfe and florid in the higbeft degree ; if it- 
fall in the mid- way between the circumference and center,, it fhall 
be but half fo intenfe;, that is, it fhall be fuch a colour as would- 
be made by diluting the intenfeft Yellow with an equal quantity 
or Whitenefs ; and if it ftll upon, the center o,. the colour mall 
have loft, all its intenfenefs, and become a White., But it is to be 
noted, that if the point z fall in or near the line od, the main 
Migredients being the Red and Violet, the colour compounded, 
ihallnot be, any of the Prifmatick colours,, but a. Purple, inclining, 

to 



Part If. O JP T I £ S. m 

to Red or Violet, accordingly as the point % lieth mi the fide of Compound of 
the line do towards e or towards c; and in general the compound-S^ 
ed Violet is more bright and more fiery than the uncompoundecL 
Alfo if only two of the Primary colours, which in the circle are 
oppofite to one another, be mixed in an equal proportion, the 
point z fhall fall upon the center o, and yet the Colour com- 
pounded of thofe two fhall not be perfectly White, but fome 
faint anonymous colour. For I could never yet by mixing only 
two Primary colours produce a perfea White. Whether it may 
be compounded of a mixture of three, taken at equal diftances 
in the circumferences, I do not know ; but of four or five I do not 
much queftion but it may. -But thefe are curiofities of little or 
no moment to the underftanding the phsenomena of Nature. For 
in all Whites, produced by Nature, there ufes to be a mixture of 
all forts of rays, and by confequence a compofition of all colours* 

To give an inftance of this rule ; fuppofe a colour is com- 
pounded of thefe Homogeneal colours, of Violet one part, of 
Indigo one part, of Blue two parts, of Green three parts, of Yel- 
low five parts, of Orange fix parts, and of Red, ten parts. Pro- 
portional to thefe parts defcribe the circles x 9 v, t % s, r, q, p, re- 
fpe&ively ; that is, fo that if the circle x be one, the circle v 
may be one, the circle / two, the circle s three, and the circles 
r, q and/), five, fix and ten. Then I find z the common center 
of gravity of thefe circles; and through z drawing the line or, 
the point y falls upon the circumference between e and f, fome 
thing nearer to e than to f ; and thence I conclude, that the co~ 
lour compounded of thefe ingredients will be an Orange, verging 
a little more to Red than to Yellow. Alio I find that oz is a little 
Jefs than one half of oy ; and thence I conclude, that this Orange 
hath a little lefs than half the fulnefs or intenfenefs of an un- 
compounded Orange ; that is to fay, that it is fuch an Orange, as 
tnay be made by mixing an Homogeneal Orange with a good 
White, in the proportion of the line oz to the line zy ; this pro- 
Portion being not of the quantities of mixed orange and white 
powders, but of the quantities of the lights reflected from them. 

This Rule I conceive accurate enough for practice, though not 
Mathematically accurate ; and the truth of it may be fufficiently 

O a proved 



ioo OP T I G S. Book L 

proved to fenfe, by Hopping any of the colours at the lens in the 
tenth Experiment of this Book. For the reft of the colours, 
which are not flopped, but pafs on to the focus of the lens, will 
there compound, either accurately or very nearly, fuch a colour, 
as by this Rule ought to refult from their mixture. 

PROP. VII. T H E O R. V. 

Ml the colours in the unherfe which are made by light, and depend 
not on the power of imagination, are either the colours of Ho- 
mogeneal Lights, or compounded of tbefe\ and that either accu- 
rately or very nearly, according to the Rule of the foregoing 
Problem. 
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For it has been proved (in Prop. I. Part II.) that the changes of. 
colours, made by refraffions, do not arife from any new modtfea- 
tions of the rays impreffed by thofe refractions, and by the va- 
rious terrmnationsof light andlhadow, as has been the conftant 
and general opinion of philofophers. It has alfo been proved, 
™ tbe f r eral Colours of the Homogeneal Rays do conftantly an- 
fwer to the* degrees of refrangibility (Prop. I. Part I. and Prop.. 

cLn A k * thdr degreeS of refrangibility cannot be 
changed by refracW and reflexions (Prop. II. Part I.) and by 

zzt 1 ih ? e « 1™™^. 1 

Lnet[. Pr ° Ved Akem r>*y re f^ing and refleaing Homo- 
genealL gh lS apart that their colours cannot be changed (Prop. 

of m 2 m ? e ? provc<1 alfo ' thM whe " the 

they do not T " ^ Cr ° mn S P^s through the fame fpace, 

ap«t, that is f frnf ! f nng fr ° m what eithcr w °" ld d °- 
colours and L ° f * ^ CO, ° Ur betwee » their proper 

all fomW rtyH W, 3 • J T 1 hY th6 ~* ™» ™™ of 
tore of allthe colou s vtT " pr ° duoed '' the White is a mix- 

veral co orific "XT f T*™ *°" " 0t lofe » alter thei!- fe- 
tnelenfoaum, beget a fe„r ation of mi(WU ^ 
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between all their colours, which is Whitenefs. For Whiten efs IS Homogei 
a mean between all colours, having itfelf indifferently to them £undTd". 
all, fo as with equal facility to be tinged witli any of them. A 
Red powder mixed with a little Blue, or a Blue with a little Red, 
doth not prefently lofe its colour; but a White powder mixed with 
any colour is prefently tinged with that colour, and is equally 
capable of being tinged with any colour whatever. Tt has been 
fliewed alfo, that as the fun's light is mixed of all forts of rays, 
fo its Whitenefs is a mixture of the colours of all forts of rays ; 
thofe rays having from the beginning their feveral colorific qua- 
lities, as well as their feveral refrangibilities y and. retaining, them, 
perpetually unchanged, notwithstanding any refractions or re- 
flexions they may at any time fuffer ; and that whenever any fort 
of the fun's rays is by any means (as by reflexion in Exper. 9 
and 10. Part L or by refraction as happens in all refractions) fe- 
parated from the reft, then they manifeft their proper colours. 
Thefe things have been proved : and the fum of all this amounts 
to the Propofition here to be proved. For if the fun's light is 
mixed of feveral forts of rays, each of which have originally 
their feveral refrangibilities and colorific qualities, and notwith- 
ftanding their refractions and reflexions, and their various fepara- 
tions or mixtures, keep thofe their original properties perpetu- 
ally the fame without alteration; then all the colours in the world 
muft be fuch, as conftantly ought to arife from the original colo- 
rific qualities of the rays, whereof the lights confift, by which 
thofe colours are feen. And therefore if the reafon of any co- 
lour whatever be required, we have nothing elfe to do, than to 
confider how the rays in the fun's light have, by reflexions or 
refractions, or other caufes, been parted from one another, or 
mixed together ; or otherwife to find out what forts of rays are 
in the light, by which that colour is made, and in what propor- 
tion; and then, by the laft Problem, to learn the colour which 
ought to arife by mixing thofe ravs, or their colours, in that 
proportion. I fpeak here of colours fo far as they arife from 
light. For they appc nr lbmetiines- by other caufes; as when by 
the power of phantafy we lee colours in a dream ; or a mad-man 
lees things before him which are not there ; or .when we fee fire 
$ by 
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by ftriking the eye; or fee colours like the eye of a peacock's fea- 
ther, by preffing our eyes in either corner, whilft we look the 
other way. Where thefe and fuch like caufes interpofe not, the 
colour always anfwers to the fort or forts of the rays, whereof 
the light confifts ; as I have conftantly found in whatever phaeno- 
mena of colours I have hitherto been able to examine. I mall 
in the following Propofitions give inftances of this in the pheno- 
mena of chiefeft note. 

PROP. VIII. P R O B. III. 

By the difcovered properties of light to explain the colours made by 

prifms. 

ThePrifmatic Let abc [iny%-. 12.] reprefent aprifm refracting the light of 
the fun, which comes into a dark chamber, through a hole, F<p, 
almolt as broad as the prifm ; and let mn reprefent a white paper, 
on which the refracted light is caft; and fuppofe the raoft refran- 
gible, or deepeft Violet-making, rays fall upon the fpace P7r ; the 
leaft Refrangible or deepeft Red-making rays, upon the fpace t / ; 
the middle fort between the Indigo-making and Blue-making rays, 
upon the fpace q^; the middle fort of the Green-making rays 
upon the fpace r* ; the middle fort between the Yellow-making 
and Orange-making rays, upon the fpace Scr ; and other interme- 
diate forts, upon intermediate fpaces. For fo the fpaces, upon 
which the feveral forts adequately fall, will, by reafon of the dif- 
ferent refrangibility of thofe forts, be one lower than another. 
Now if the paper, mn, be fo near the prifm, that the fpaces pt 
and tt7 do not interfere with one another; the diftance between 
them, T7T, will be illuminated by all the forts of rays, in that pro- 
portion to one another which they have at their very firft coming 
out of the prifm, and confequently be White. But the fpaces 
pt and tt7 on either hand, will not be illuminated by them all, 
and therefore will appear coloured. And particularly at p, where 
the outmoft Violet-making rays fall alone, the colour muft be the 
deepeft Violet. At c^, where the Violet-making and Indigo- 
making rays are mixed, it muft be a Violet inclining much to 
indigo. At r, where the Violet-making, Indigo-making, Blue- 
making, 
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making, and one half of the Green-making rays are mixed, their Colours 
colours muft (by the conftrudlion of the fecond Problem) com- cxplame 
pound a middle colour between Indigo and Blue. At s, where 
all the rays are mixed except the Red-making and Orange-making, 
their colours ought by the fame rule to compound a faint Blue, 
verging more to Green than Indigo. And in the progrefs from s 
to T, this Blue will grow more and more faint and dilute, till at 
t, where all the colours begin to be mixed, it ends in Whitenefs. 

So again, on the other fide of the White, at t, where the leaft 
refrangible or outmoft Red-making rays are alone, the colour 
muft be the deepeft Red. At cr, the mixture of Red and Orange 
will compound a Red inclining to Orange. At the mixture of 
Red, Orange, Yellow, and one half of the Green muft compound 
a middle colour between Orange and Yellow. At ^, the mix- 
ture of all colours but Violet and Indigo will compound a faint 
Yellow, verging more to Green than to Orange. And this Yel- 
low will grow more faint and dilute continually in its progrefs 
from x to 7r, where by a mixture of all forts of rays it will be- 
come White. 

Thefe colours ought to appear, were the fun's light perfedly 
White : but becaufe it inclines to Yellow, the excefs of the Yel- 
low-making rays, whereby it is tinged with that colour, being 
mixed with the faint Blue between s and t, will draw it to a faint 
Green. And fo the colours in order from p to t ought to be 
Violet, Indigo, Blue, very faint Green, White, faint Yellow,, 
Orange, Red. Thus it is by the computation : and they that pleafe 
to view the colours made by a prifm, will find it fo in Nature. 

Thefe are the colours on both fides the White, when the pa- 
per is held between the prifm and the point x, where the colours 
meet and the interjacent white vanifhes. For if the paper be 
held ftill farther off from, the prifm, the moft refrangible and. 
leaft refrangible rays will be wanting in the middle of the light,, 
and the reft of the rays which are found there, will by mixture 
produce a fuller Green than before. Alfo the Yellow and Blue 
will now become le-fs cam pounded, and by confequence more in~ 
tenfe than before.. And this alfo- agrees with experience. 
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c And if one look through a prifm upon a white objeft encom- 
paffed with blacknefsor darknefs, the reafon of the colours arif. 
ing on the edges is much the fame ; as will appear to one that 
fliall a little confider it. If a black objeft be encompafled with 
a white one, the colours which appear through the prifm are to 
be derived from the light of the white one, fpreading into the 
regions of the black; and therefore they appear in a contrary or- 
der to that, when a white objeft is furrounded with black. And 
the fame is to be underftood when an object is viewed, whole 
parts are fome of them lets luminous than others. For in the 
borders of the more and lefs luminous parts, colours ought al- 
ways, by the fame principles, to arife from the excefs of the light 
of the more luminous, and to be of the fame kind as if the 
darker parts were black, but yet to be more faint and dilute. 

What is faid of colours made by prifms may be eaiily applied 
to colours made by the glafl'es of telefcopes or microfcopes, or by 
the humours of the eye. For if the object-glafs of a telefcope 
be thicker on one fide than on the other, or if one half of the 
glafs, or one half of the pupil of the eye be covered with any 
opake fubftance: the objeft-glafs, or that part of it, or of the 
eye, which is not covered, may be considered as a wedge with 
crooked fides ; and every w^edge of glafs, or other pellucid fub- 
ftance, has the effeft of a prifm in refra&ing the light which 
paffes through it (g). 

How the colours in the ninth and tenth Experiments of the 
firft Part arife from the different reflexibility of light, is evident 
by what was there faid. But it is obfervablc in the ninth Expe- 
riment, that whilit the fun's direft light is Yellow, the excefs of 
the Blue making rays in the reflected beam of light mn, fuffices 
only to bring that Yellow to a pale White inclining to Blue, and 
not to tinge it with a manifeftly Blue colour. To obtain there- 
fore a better Blue, I ufed inftead of the Yellow light of the fun 
the White light of the clouds, by varying a little the Experiment, 
as follows. 

Exper. i 6. Let hfg [info 1 3.] re prefent a prifm in the open 
air ; aim s, the eye of the fpedator, viewing the clouds by their 
light coming into the prifm at the plane fide figk, and refledtcd 

( ! ) Vide Left. Opt. Part IL Sea. v. 
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in it by its bafe HEIG, and thence going out through its plane Colours 
fide hefk to the eye. And when the prifm and eye are conve- exp ' Jme * 
niently placed, fo that the angles of incidence and reflexion at the 
bafe may be about 40 degrees ; the fpectator will fee a bow mn 
of a Blue colour, running from one end of the bale to the other, 
with the concave fide towards him; and the part of the bafe imng 
beyond this bow will be brighter than the other part, emnh, on 
the other fide of it. This Blue colour mn being made by nothing 
elfe than by Reflexion of a Ipeculur fuperficics, feems fo odcl a 
phenomenon, and ft difficult to be explained by the vulgar hy- 
pothefis of philofophers, that I could not but think it deferved 
to be taken notice of. Now for underftanding the reafon of it, 
fuppofe the plane abc to cut the plane fides and bafe of the prifm 
perpendicularly. From the eye to the line bc, wherein that plane 
cuts the bafe, draw the lines sj> and s/, in the angles spc 50 
degr. J, and stc 49 degr. : and the point p will be the limit, 
beyond which none of the moft refrangible rays can pafs through 
the bafe of the prifm, and be refracted, whofe incidence is fuch 
that they may be reflected to the eye ; and the point t will be 
the like limit for the leaft refrangible rays, that is, beyond which 
none of them can pafs through the bafe, whole incidence is fuch 
that by reflexion they may come to the eye. And the point r 
taken in the middle way between p and /, will be the like limit 
for the meanly refrangible rays. And therefore all the leaft re- 
frangible rays which fall upon the bafe beyond /, that is, between 
/ and b, and can come from thence to the eye, will be reflected 
thither : but on this Jidc /, that is, between / and c, many of 
theie rays will be tranfmitted through the bale. And all the moft 
refrangible rays which fall upon the bafe beyond />, that is, be- 
tween p and b j and can by reflexion come from thence to the 
eye, will be reflected thither; but every where between p and c, 
many of thefe ravs will <rct through the bale and be ref rafted : 
and the fime is to be underttood of the meanly refrangible ravs 
on either fide of the point r. Whenee.it follows, that the bafe 
of the prifm mull every where between / and B, by a total re- 
flexion of all forts of rays to the eye, look white and bright. 
And every where between p and c, by reafon of the tranfmif- 
Vol. IV. P f 10n 



j o6 OPTICS. BookL 

fion of many rays of every fort, look m6re pale, obfcure and 
dark. But at r, and in other places between p and /, where all 
the more refrangible rays are reflected to the eye, and many of 
the lefs refrangible are tranfmitted, the excefs of the molt re- 
frangible in the Reflected Light will tinge that light with their 
colour, which is Violet and Blue. And this happens by taking 
the line cprt any where between the ends of the prifm, iig and 
EI (h). 

PRO P. IX. PRO B. IV. 

By the difcovered Properties of Light to explain the Colours of the 

Rain-bow. 

The This bow never appears, but where it rains in the fun-thine* 

and may be made artificially by fpouting up water which may 
break aloft, and fcatter into drops, and fall down like rain. For 
the fun mining upon thefe drops certainly caufes the bow to ap- 
pear to a fpedator Handing in a due pofition to the rain and fun. 
And hence it is now agreed upon, that this bow is made by re- 
fraction of the fun's light in drops of falling rain. This was un- 
derftood by fome of the ancients, and of late more fully difco- 
vered and explained by the famous Antonius dc Do minis archbi- 
ftiop of Spalato, in his book De Radiis Visus & Lucis, publifhed 
by his friend Bar to/us at Venice, in the year 1611, and written 
above 20 years before. For he teaches there how the interior 
W is made in round drops of rain by two refradtidhs of the 
fun's light, and one reflexion between them ; and the exterior, by 
two refraaions and two forts of reflexions between them in each 
drop of water ; and proves his explications by Experiments made 
with a phial hill of water, and with globes of glafs filled with 
water, and placed in the fun to make the colours of the two bows 
appear m them. The fame explication Des-Cartes hath purfued 
m his Vigors, and mended that of the exterior bow. But whilft 
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they underftood not the true origin of colours, it is neceflary toTha 
purfue it here a little farther. For understanding therefore how LlAI 
the bow is made, let a drop of rain, or any other fphericai trans- 
parent body, be represented by the fphere bnfg [in fig. 14.] de- 
fcribed with the center c, and femi-diameter cn. And let an 
be one of the fun's rays, incident upon it at N,and thence refracted 
to f ; where let it either go out of the fphere by refraction to- 
wards v, or be reflected to g ; and at g, let it either go out by re- 
fraction to r, or be reflected to h ; and at h, let it go out by re- 
fraction towards s, cutting the incident ray in y. Produce an and 
rg till they meet in x ; and upon ax and nf let fall the perpen- 
diculars cd and ce ; and produce cd, till it fall upon the circum- 
ference at l. Parallel to the incident ray, an, draw the diameter 
bq_; and let the line of incidence out of air into water be to the 
fine of refraction as 1 to r. Now if you fuppofe the point of 
incidence, n, to move from the point b continually, till it come to 
L, the arch qf will firft increale and then decreafe ; and lb will 
the angle axr, which the rays an and gr contain; and the arch 
qf, and angle axr, will be bLggeft, when nd is to cn as - rr 
to V 311R ; in which cafe ne will be to nd as 2R to 1 Alfo 
the angle ays, which the rays an and hs contain, will firft de- 
creafe, and then increafe ; and grow leaft, when nd is to cn as • 
\Ai-rr to \/ 8rr ; in which cafe ne will be to nd as 3R to 1 ( k ). 
And fo the angle, which the next emergent ray (that is, the emer- 
gent ray after three reflexions) contains with the incident ray an, 
will come to its limit, when nd is to cn as v 7 11 - rr to s/ 1 5 RR 5 in 
which cafe ne will be to nd as 4R to 1. And the angle, which 
the ray next after that enmergent, that is, the ray emergent af- 
ter four reflexions, contains with the incident, will come to its 
limit, when nd is to cn as \/n- rr to \A4RR ; in which cafe 
NE will be to nd as ca to 1 : and lb on infinitely, the numbers 
3> 8, 15, 24, 8cc. being gathered by continual addition of the 
terms of the Arithmet ical Progreflion 3, 5, 7» 9» The tmth 

of all this Mathematicians will eafily examine ('). 

(') It all follows very evidently from the demonttrations our author hitb given of the two Pro- 
portions referred to in Note ' and *. 

p „ Now 
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The Now it is to be obferved, that as when the fun comes to his 

Rainbow. tropicks> days i nc reafe and decreafe but a very little for a great 
while together ; fo when by increafing the diftance CD, thefe an- 
gles come to their limits, they vary their quantity but very little 
for fome time together ; and therefore a far greater number of 
the rays, which fall upon all the points n in the quadrant bl, 
fliall emerge in the limits of thefe angles, than in any other in- 
clinations. And farther it is to be obferved, that the rays, which 
differ in refrangibility, will have different limits of their angles 
of emergence ; and, by confequence, according to their different 
degrees of refrangibility, emerge molt copioully in different an- 
gles, and being feparated from one another appear each in their 
proper colours. And what thofe angles are, may be eafily ga- 
thered from the foregoing Theorem by computation. 

For in the leaft refrangible rays the fines i and r (as was found 
above) are 108 and 81,. and thence by computation the greateft 
angle axr will be found 42 degrees and 2 minutes ; and the leaft 
angle ays 50 degrees and 57 minutes. And in the moft refran- 
gible rays the fines 1 and r are 109 and 8 1 ; and thence by com- 
putation the greateft angle axr will be found 40 degrees and 17 
minutes, and the leaft angle ays 54 degrees and 7 minutes. 

Suppofe now that o [in Jig. 15.] is the fpeclator's eye,, and op 
a line drawn parallel to the fun's rays ; and let poe, pof, pog, 
poh, be angles of 40 degr. 17 min. 42 degr. 2 min. 50 degr. 57 
miu and 54 degr. 7 min. refpectively ; and thefe angles-turned 
about their common fide op, mall with their other fides, oe, OF r 
og, oh, defcrihe the verges of two rain-bows afbe and chdg. 
For it e, f, g, h be drops, placed any where in the conical fuper- 
ficies delcribed by oe, of, og, oh, and be illuminated by the fun's 
rays se, sf, sg, sh ; the angle seo being equal to the angle poe 
or 40 deg 17 min. fliall be the greateft angle, in which the moft 
refrangible rays can, after one reflexion, be refracted to the eye ; 
and therefore all the drops in the line oe fliall fend the moft re- 
frangible rays moft copioully to the eye, and thereby ftrike the 
fenfes with the deepeft Violet colour in that region. And in like 
manner the angle sfo being equal to the angle pof, or 42 degr. 
2 min. fliall be the greateft, in which the leaft refrangible rays* 

after 



PartH. OPTICS. 

after one reflexion, can emerge out of the drops; and therefore The 
thofe rays fhali come moft copioully to the eye from the drops in 
the line of, and ftrike the fenfes with the deepeft Red colour in 
that region. And by the fame argument, the rays, which have 
intermediate degrees of refrangibility, fliall come moft copioufly 
from drops between e and f, and ftrike the fenfes with the inter- 
mediate colours, in the order which their degrees of refrangibity 
require ; that is in the progrefs from E to F, or from the infide 
of the bow to the outfide, in this order; Violet, Indigo, Blue, 
Green, Yellow, Orange, Red. But the Violet, by the mixture 
of the White light of the clouds, will appear, faint, and incline 
to Purple. 

Again, the angle sgo being equal to the angle pog, or 50 gr. 
51 min. fliall be the leaft angle, in which the leaft refrangible 
rays can, after two reflexions, emerge out of the drops ; and there- 
fore the leaft refrangible rays fliall come moft copioufly to the 
eye from the drops in the line og, and ftrike the fenfe with the 
deepeft Red in that region. And the angle sho being equal to 
the angle poh, or 54 gr. 7 min. fliall be the leaft angle, in which 
the moft refrangible rays, after two reflexions, can emerge out 
of the drops ; and therefore thofe rays fliall come moft copioufly 
to the eye from the drops in the line oh, and ftrike the fenfes 
with the deeped Violet in that region. And by the fame argu- 
ment, the drops in the regions between g and H fliall ftrike the 
fenfe with the intermediate colours, in the order which their de- 
grees of refrangibility require ; that is, in the progrefs from G to 
H, or from the infide of the bow to the outfide, in this order; 
Red, Orange, Yellow, Green, Blue, Indigo, Violet And fince 
thefe four lines oe, of, og, oh, may be fituated any where in 
the above-mentioned Conical Superficies; what is faid of the drops 
and colours in thefe lines is to be underftood of the drops and co- 
lours every where in thofe fupcrficies. 

Thus fliall there be made two bows of colours, an interior 
and ftronger, by one reflexion in the drops, and an exterior and 
fainter by. two ; for the light becomes fainter by every reflexion. 
And their colours fliall lie 'in a contrary order 10 one another, the • 
Red of both bows bordering upon the fpace, gf, which is between 
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The the bows. The breadth of the interior bow, eof, meafured crofs 
rainbow. ^ colourS} fhall be i deg. 45 min. and the breadth of the 
exterior, goh, lhall be 3 deg. ] o min. and the diftance between 
them gof fhall be 8 gr. 55 min. the greateft femi-diameter of the 
innermoft, that is, the angle pof being 42 gr. 2 min. and the 
leaft femi-diameter of the outermoft pog, being 50 gr. 57 min. 
Thefe are the meafures of the bows, as they would be, were the 
fun but a point ; for by the breadth of his body the breadth of 
the bows will be increafed and their diftance decreafed by half a 
degree, and fo the breadth of the interior Iris will be 2 deg. 15 
min. that of the exterior 3 deg. 40 min. their diftance 8 deg. 25 
min. the greateft femi-diameter of the interior bow 42 deg. 17 
min. and the leaft of the exterior 50 deg. 42 min. And fuch 
are the dimenfions of the bows in the heavens found to be very 
. nearly, when their colours appear ftrong and perfect. For once, 
by fuch means as I then had, I meafured the greateft femi-dia- 
meter of the interior Iris about 42 degrees ; and the breadth of 
the Red, Yellow and Green in that Iris, 63 or 64 minutes ; befides 
the outmoft faint Red obfcured by the brightnefs of the clouds, 
for which we may allow 3 or 4 minutes more. The breadth of 
the Blue was about 40 minutes more befides the Violet, which 
was fo much obfcured by the brightnefs of the clouds, that I 
could not meafure its breadth. But fuppofing the breadth of the 
Blue and Violet together to equal that of the Red, Yellow and 
Green together, the whole breadth of this iris will be about 2^ 
degrees, as above. The leaft diftance between this iris and the 
exterior iris was about 8 degrees and 30 minutes. The exterior 
iris was broader than the interior, but fo faint, efpecially on the 
Blue fide, that I could not meafure its breadth diftin&ly. At an- 
other time when both bows appeared more diftinft, I meafured 
the breadth of the interior iris 2 gr. 10, and the breadth of the 
Red, Yellow and Green in the exterior iris, was to the breadth of 
the fame colours in the interior as 3 to 2. 

This explication of the rain-bow is yet farther confirmed by 
the known experiment, made by Antonius de Dom/ms and Des- 
Cartes, of hanging up any where in the fun-dune a glafs globe 
filled with water; and viewing it in fuch a pofture, that the rays, 
5 which 
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which come from the globe to the eye, may contain with the The 
fun's rays an angle of either 42 or 50 degrees. For if the an- RAINB0W ' 
gle be about 42 or 43 degrees, the fpectator, fuppofe at o, fhall 
fee a full Red colour in that fide of the globe oppofed to the fun, 
as it is reprefented at F ; and if that angle become lefs, fuppofe 
by deprefTing the globe to e, there will appear other colours, Yel- 
low, Green and Blue fucceffively in the fame fide of the globe. 
But if the angle be made about 50 degrees, fuppofe by lifting up 
the globe to g, there will appear a Red colour in that fide of the 
globe towards the fun ; and if the angle be made greater, fup- 
pofe by lifting up the globe to h, the Red will turn fucceffively 
to the other colours, Yellow, Green and Blue. The fame thing 
I have tried by letting a globe reft, and railing or deprefTing the 
eye, or otherwife moving it to make the angle of a juft mag- 
nitude. 

I have heard it reprefented", that if the light of a candle be 
refracted by a prifm to the eye ; when the Blue colour falls upon 
the eye, the fpectator fhall fee Red in the prifm, and when the 
Red falls upon the eye he fhall fee Blue : and if this were cer- 
tain, the colours of the globe and rain-bow ought to appear in a 
contrary order to what we find. But the colours of the candle" 
being very faint, the miftake feems to arife from the difficulty of 
difcerning what colours fall on the eye. For, on the contrary, 
1 have fometimes had occafion to obferve in the fun's light, re- 
fracted, by a prifm, that the fpectator always fees that colour in 
the prifm, which falls upon his eye. And the fame I have found 
true alfo in candle-light. For when the prifm is moved ilowly 
from the line which is drawn direct ly from the candle to the eye, 
the Red appears firft in the prifm, and then the Blue ; and there- 
fore each of them is feen when it falls upon the eye. For the 
Red paffes over the eye firft, and then the Blue. 

The light which comes through drops of rain by two refrac-H^Losjimi 
tions without any reflexion, ought to appear ftrongeft at the dif- 
tance of about 26 degrees from the fun, and to decay gradually 
both ways, as the diftance from him increafes and decreafes. 
And the fame is to be underftood of light tranfmitted through 
fyherical hail-ftones. And if the hail be a little flatted, as it often 
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H.ros and is, the light tranfmitted may grow fo ftrong at a little lefs diftance 
Parh.ua. than that of 26 degrees, as to form a halo about the fun or 
moon ; which halo, as often as the hail-ftones are duly figured, 
may be coloured. And then it muft be Red within by the leaft re- 
frangible rays, and Blue without by the moft refrangible ones ; 
efpecially if the hail-ftones have opake globules of fnow in their 
center to intercept the light within the halo (as Hugenius has ob- 
ferved) and make the in fide thereof more diftinctly defined than 
it would otherwife be. For fuch hail-ftones, though fpherical, 
by terminating the light by the fnow, may make a halo red with- 
in and colourlefs without, and darker in the red than without, as 
halos ufe to be. For of thofe rays which pafs clofe by the fnow, 
the rubriform will be leaft refracted, and fo come to the eye in 
the directed lines. 

The light which pafTes through a drop of rain after two re- 
fractions, and three or more reflexions, is fcarce ftrong enough 
to caufe a fenfible bow ; but in thofe cylinders of ice by which 
Hugenius explains the Parhelia, it may perhaps be fenfible, 

PROP. X. P R O B. V, 

By the difcovered properties of Light to explain the Permanent Colours 
of Natural Bodies. 

Origin of tiie Thefe colours arife from hence ; that fome natural bodies re- 
permanent ' 

colours fleet fome forts of rays, others other forts more copioufly than 
the reft. Minium reflects the leaft refrangible or Red-making 
rays more copioufly, and thence appears Red. Violets reflect 
the moft refrangible, moft copioufly, and thence have their co- 
lour, and fo of other bodies. Every body reflects the rays of its 
own colour more copioufly than the reft, and from their excefs 
and predominance in the Reflected Light has its colour. 

Exper. 17. For if in the Horn ogeneal Lights, obtained by the 
folution of the Problem propofed in the fourth Propofition of the 
iirft Part.of this Book, you place bodies of feveral colours ; you will 
find, as I have done, that every body looks moft fplendid and lu- 
minous in the light of its own colour. Cinnaber in the Homogeneal 
B_ed light is moft refplendent, in the Green light it is manifeftly 

lefs 
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lefs refplendent, and in the Blue light ftill lefs. Indigo in the of Natural 
Violet- blue light is moft refplendent, and its fplendor is gradually Bocu5s * 
diminished as it is removed thence by degrees through the Green 
and Yellow light to the Red. By a leek the Green light, and 
next that the Blue and Yellow which compound Green, are more 
ftrongly reflected than the other colours, Red and Violet, and fo 
of the reft. But to make thefe experiments the moremanifeft, 
fuch bodies ought to be chofen as have the fulleft and moft vivid 
colours, and two of thofe bodies are to be compared together. 
Thus, for inftance, if Cinnaber and Ultra-marine blue, or fome 
other full blue, be held together in the Red homogeneal light, 
they will both appear Red ; but the Cinnaber will appear of a 
ftrongly luminous and refplendent Red, and the Ultra-marine 
blue of a faint obfeure and dark Red ; and if they be held toge- 
ther in the Blue homogeneal light they will both appear Blue, 
but the Ultra-marine will appear of a ftrongly luminous and re- 
fplendent Blue, and the Cinnaber of a faint and dark Blue. 
Which puts it out of difpute, that the Cinnaber refle&s the Red 
light more copioufly than the Ultra-marine doth, and the Ultra- 
marine reflects the Blue much more copioufly than the Cinnaber 
-doth. The fame experiment may be tried fuccefsfully with Red 
Lead and Indigo, or with any other two coloured bodies, if due 
allowance be made for the different ftrength and weaknefs of their 
colour and light. 

And as the reafon of the colours of Natural Bodies is evident 
by thefe experiment?, fo it is farther confirmed and put paft dif- 
pute by the two firft Experiments of the flrft Part; whereby it 
was proved in fuch bodies, that the reflecting lights, which dif- 
fer in colours, do differ alfo in degrees of refrangibility. For 
thence it is certain, that fome bodies reflect the more refrangi- 
ble, others the lefs refrangible rays more copioufly. 

And that this is not only a true reafon of thefe colours, but 
even the only reafon, may appear farther from this confedera- 
tion, that the colour of Homogeneal Light cannot be changed by 
the reflexion of Natural Bodies. 

For if bodies by reflexion cannot in the leaft change the co- 
lour of any one fort of rays, they cannot appear coloured by 
Vol. IV ' Q m Y 
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on^noftheany other means, than by renting thofe which either are of- 
SouTs ent their own colour, or which by mixture muft produce it. 

But in trying experiments of this kind, care muft be had thar 
rhe light be fufficiently Homogeneal; For if bodies be illumi- 
nated by the ordinary Prifmatick Colours, they will appear nei- 
ther of their own day light colours, nor of the colour of the 
light caft on them; but of fome middle colour between both, as 
I have found by experience. Thus red lead, for inftance, illu- 
minated with the ordinary Prifmatick Green, will not appear ei- 
ther Red or Green, but Orange or Yellow y or between Yellow and 
Green, accordingly as the Green light, by which it is illuminated, , 
is more or lefs- compounded. For becaufe red lead appears Red,, 
when illuminated with White light, wherein all forts of rays are- 
equally mixed, and in the Green light all forts of rays are not 
equally mixed; the excefs of the Yellow- making, Green-making 
and Blue-making rays in the incident Green light, .will caufe thofe 
rays to abound To much in the Reflected light, as to draw the 
colour from Red towards their colour. And becaufe the red lead 
reflects the Red-making rays moft copioully in proportion to their 
number, and next after them the Orange-making and Yellow- 
making rays ; thefe rays in the Reflected light will be more, iir 
proportion to the light, than they were in the incident Green 
light, and thereby will draw the Reflected light from Green to-^ 
wards their colours. And therefore the Red lead will appear nei- 
ther Red nor Green, but of a colour between both. 

In tranfparently coloured liquors it is obfervable, that'their co- 
lour ufes to vary with their thicknefs. Thus, for inftance, a 
Red liquor in a Conical glaft held between the light and the eye, 
looks of a pale and dilute Yellow at the bottom, where it is thin ;• 
and a little higher, where it is thicker, grows Orange; and where 
it is ftili thicker, becomes Red ; and where it is thickeft, the 
Red is deepeft and darkeft For it is to be conceived that 

fuch a liquor flops the Indigo-making and Violet-making rays 
moft eafily, the Blue-making rays more difficultly, the Green- 
making rays ftill more difficultly, and the Red-making moft dif- 
ficultly : and that if the thicknefs of the liquor be only fo much 

( m ) Vide Left. Opt. Part II. § 97. 

as 



Part IL OPTICS. n 

as fuffices to flop a competent number of the Violet-making and of Natural 
Indigo-making rays, without diminifhing much the number of ° lts * 
the reft, the reft muft (by Prop, vi. Part I.) compound a pale 
Yellow. But if the liquor be fo much thicker, as to ftop alfo a 
great number of the Blue-making rays, and fome of the Green- 
making, the reft muft compound an Orange ; and where it is fo 
thick, as to ftop alfo a great number of the Green-making, and 
a conliderable number of the Yellow-making, the reft muft be- 
gin to compound a Red ; and this Red muft grow deeper and darker 
as the Yellow-making and Orange-making rays are more and 
more flopped by increasing the thicknefs of the liquor, fo that 
few rays befides the Red-making can get through. 

Of this kind is an experiment lately related to me by Mr. 
MaUey\ who, in diving deep into the fea in a diving-veflel, found 
in a clear fuii-fhine day, that when he was funk many fathoms 
deep into the water, the upper part of his hand, on w r hich the 
fun (hone directly through the water, and through a fmall glafs- 
window in the veffel, appeared of a Red colour like that of a 
damafk rofe ; and the water below^ and the upper part of his 
liand, illuminated by light reflected from the water below, look 
Green. For thence it may be gathered, that the fea-water re- 
flects back the Violet and Blue making rays moft eafily, and lets 
the Red-making rays pafs moft freely and copioufly to great 
depths. For thereby the fun's direct light at all great depths, by 
reafon of the predominating Red-making rays, muft appear Red; 
and the greater the depth is, the fuller and intenfer muft that 
Red be. And at fuch depths as the Violet-making rays fcarce 
penetrate unto, the Blue-making, Green-making and Yellow- 
making rays, being reflected from below more copioufly than the 
Bed-making ones, muft compound a Green. 

Now if there be two liquors of full colours, fuppofe a Red 
and a Blue, and both of thera fo-thick as fuffices to make their 
colours fufficiently full ; though either liquor be fufficiently tranf- 
Parent apart, yet will you not be able to fee through both toge- 
ther. For if only the Red-making rays pafs through one liquor, 
*nd only the Blue-making through the other, no rays can pafs 
trough both. This Mr. Hook tried cafuallv with glafs- wedges 

n - filled 
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origin of ^filled with Red and Blue liquors, and was furprized at the une*- 
SouT' peaed event; the reafon of it being then unknown: which 
makes me truft the more to his Experiment, though I have not 
tried it myfelf. But he that would repeat it, muft take eare the 
liquors be of very good and full colours. 

Now whilft bodies become coloured by reflecting or tranfmit- - 
ting this or that fort of rays more copioufly than the reft ; it is 
to be conceived that they flop and ftifle in themfelves the rays*, 
which they do not reflect or tranfmit. For if gold be foliated, 
and held between your eye and the light, the light looks of a 
greyifh Blue; and therefore mafTy gold lets into its body the Blue- 
making rays, to be reflected to and fro within it, till they be 
flopped and ftifled ; whilft itrefteas the Yellow-making outwards, 
and thereby looks Yellow. And much after the fame manner 
that leaf-gold is Yellow by refkaed, and Blue by tranfmitted 
light, and mafTy gold is Yellow in all pofitions of the eye ; there 
are fome liquors, as the tinaure of 'Lignum Nepriticum, and 
fome forts of glafs, which tranfmit one fort of light moft copi- 
oufly, and reflea another fort; and thereby look of feveral co- 
lours, according to the pofition of the eye to the light. But if 
thefe liquors or glafles^were fb thick and mafly, that no light 
could get through them ; I queftion not but they would, like all 
other opake bodies, appear of one and the fame colour in all po- 
fitions of the eye, though this I cannot yet affirm by experience. 
For all coloured bodies, fo far as my obfervation reaches, may 
be feen through, if made fufficiently thin ; and therefore are in 
fome meafure Tranfparent, and differ only in degrees of tranfpa- 
rency from tinged tranfparent liquors ; thefe liquors, as well as 
thofe bodies, by a fufRcient thicknefs becoming Opake. A tranf- 
parent body which looks of any colour by tranfmitted light, may 
alfo look of the fame colour by refkaed light ; the light of that 
colour being refkaed by the farther furface of the body, or by 
the air beyond it. And then the refkaed colour will be dimi- 
niihed, and perhaps ceafe, by making the body very thick, and 
pitching it on the backfide to diminifti the reflexion of its far- 
ther furface, fo that the light refkaed from the tinging particles 
may predominate. In fuch cafes, the colour of the refkaed 

light 



Part II. OPTICS. 117 

light will be apt to vary from that of the light tranfmitted. B\itofJN«nrai 
whence it is that tinged bodies and liquors reflea fome fort of 
rays, and intromit or tranfmit other forts, fhall be faid in the 
next Book. In this Propofltion I content myfelf to have put it 
paft difpute, that bodies have fuch properties, and thence appear 
coloured. 

p nop. xi. p Pv o b. vi. 

By mixing coloured lights to compound a beam of light > of the fame- 
colour and nature with a beam of the fun's- direcl light, and there- 
in to experience the truth of the foregoing .Proportions* 

Let k&cabc [in fig. i-6.] reprefenr a prifm by which the ^'s'To«y*fc 
light, let into a dark chamber through the hole f, maybe re- Light! 
fraaed towards the lens mn, and paint upon it at/>, q, r, s and t y 
the ufual colours, Violet, Blue, Green; Yellow and Red; and let 
the diverging rays, by the reff action of this lens, converge again 
towards x, and there, by the mixture of all thofe their colours, 
compound a White, according to what was fhewn above. Then 
let another prifm- vEGdeg, parallel to the former, be placed at x, 
to refraa that White light upwards towards y. Let the Refraa- 
ing Angles, of the prifms, and their diftances from the lens be 
equal ; fo that the rays which converged from the lens towards 
x, and, without refraction, would there have crolfed and diverged " 
again; may, by the refraction of the fecond prifm, be reduced ' 
into parallelifm, and diverge no more. For then thofe rays will' 
recompofe a beam of White light, xy. If the Redrafting An- 
gle of either prifm be the bigger, that prifm muft be fo much 
the nearer to the lens. You will know when the prifms and the 
lens are well fet together, by obferving if the beam of light xy, 
which comes out of the fecond prifm, be perfeaiy White to the 
very edges of the light, and at all diftances from the prifm con- 
tinue perfeaiy and totally White like a beam of the fun's light; 
For till this happens, the pofition of the prifms and lens to one 
another muft be correaed ; and then if by the help of a long 
beam of wood, as is reprefented in the figure, or by a tube, or 
fome other fuch inftrument made for that purpofe, they be made 
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Torecompcfefaft in that fituation, you may try all the fame experiments in 
this compounded beam of light xy, which have been made in 
the fun's direct light. For this compounded beam of light has 
the fame appearance, and is endowed with all the fame proper- 
ties with a direct beam of the fun's light, fo far as my obferva- 
tion reaches. And in trying experiments in this beam, you may 5 
by flopping any of the colours/?, q, r, s and / at the lens, fee 
how the colours produced in the experiments are no other than 
thofe which the rays had at the lens, before they entered the com- 
pofition of this beam : and by confequence, that they arife not 
from any new modifications of the light by refractions and re- 
flexions, but from the various feparations and mixtures of the 
rays originally endowed with their colour-making qualities. 

So, for.inftance, having with a lens 4^ inches broad, and tw r © 
prifms on either hand 6} feet diftant from the lens, made fuch a 
.beam of compounded light : to examine the reafon of the. colours 
made by prifms, I refracted this compounded beam of light x~Y 
with another prifm hikM, and thereby caft.the ufual Prifmatick 
Colours, pqrst, upon the paper, lv, placed behind. And then by 
flopping any of the colours />, & r, s, t at the lens, I foynd that 
the fame colour would vanifli at the paper. So if the Purple p 
was flopped at the lens, the Purple p upon the paper would va- 
nifh, and the reft of the colours would remain unaltered; unlefs 
perhaps the Blue, fo far as fome Purple, latent in it at the lens, 
might be feparated from it by the following refractions. And 
fo by intercepting the Green upon the lens, the Green 11 upon the 
paper would vanilh, and fo of the reft ; which plainly mews, 
that as the White beam of light, xy, was compounded of feveral 
lights varioiifly coloured at the lens, .fo the colours, which after- 
wards emerge out of it by new refractions, are no other than 
thofe of which its Whitenefs was compounded. The refraaion 
of the prifm m^kb generates the colours pqjist upon the paper, 
not by changing the colorific qualities of the rays, but by fepa- 
rating the rays, which had the very fame colorific qualities before 
they entered the compofition of the refradecl beam of White light 
xy. For otherwife the rays which were of one colour at the lens 
might be of another upon the paper, contrary to what we find. 

So 
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So again, to examine the reafon of the colours of Natural Bo- the 
dies, 1 placed fuch bodies in the beam of light xy, and found Ll§ 
that they all appeared there of thofe their own colours wmich they 
have in day -light ; and that thofe colours depend upon the rays, 
which had the fame colours at the lens, before they entered the 
compofition of that beam. Thus, for inftance, Cinnaber illu- 
minated by this beam appears of* the fame Red colour as in day- 
light ; and if at the lens you intercept the Green-making and 
Blue-making rays, its rednefs will become more full and lively : 
but if you there intercept the Red-making rays, it will not any 
longer appear Red, but become Yellow or Green, or of fome 
other colour, according to the forts of rays which you do not in- 
tercept. So Gold in this light, xy, appears of the fame Yellow 
Colour as in day-light; but by intercepting at the lens a due quan- 
tity of the Yellow-making rays* it will appear White like filver, 
as I have tried; which fhews that its Yellownefs arifes- from- the 
excefs of the intercepted rays- tinging that Whitenefs with their 
colour, when they are let pafs. So the infufion of Lignum Ne- 
phritkum^ as I have alfo tried, when- held in this beam of light,, 
xy, looks Blue by the reflected part of the light, and Red by the 
tranfmitted part of it, as when it is viewed in day-light : but, if 
you intercept the Blue at thelens, the infufion will lofe its reflected 
Blue colour, whilft its tranfmitted Red remains perfect, and by 
the lofs of fome Blue-making rays, wherewith- it was allayed, be- 
comes more intenfe and full. And; on thecontrary, if the Red 
and Orange-making rays be intercepted at the lens, the infufion* 
will lofe its tranfmitted Red, whilft its Blue will remain, and be- 
come more full and- perfect. Which lliews,. that the infufion 
does not tinge the rays with Blue and Red, but only tranfrnit' 
tbofe moft copioufly which were Red-making before, and reflects 
thofe moft copioufly which were Blue-making before. And after 1 
™e fame manner may thereaibnsof other phenomena be exa- 
stined, by trying them in this artificial beam of light, xy. 
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Observations concerning the Reflexions, RefraSIions and Colours of 
tbin* tr.anfparent Modies* 

IT has been obferved by others, that Tranfparent Subftances, as 
Glafs, Water, Air, &c. when made very thin by being blown 
into bubbles, or otherwife formed into plates, do exhibit various 
colours according to their various thinnefs ; although at a greater 
thicknefs they appear very clear and colourlefs. In the former 
Eook I forbore to treat of theie colours ; becaufe they feemed of 
a more difficult confideration, and were not neceflary for eftablilh- 
ing the properties of light there difcourfed of. But becaufe they 
may conduce to farther difcoveries for compleating the theory of 
Ught, efpecially as to the constitution of the parts of Natural Bo- 
dies, on which their colours or transparency depend ; I have here 
fet down an account of them. To render this difcourfe mort 
and diftinct, I have firft defcribed the principal of my obferva- 
tions, and then cqnfidered and mad.e ule of them. The obfer- 
vations are thefe. 

5 ObS 
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Qbj t ! . Compreffuig two prifms hard together, that their fides, ^ fm r s effc , 1 
which by chance were a very little convex, might fomewhcrc Cawai sj*.t. 
touch one another ; I found the place in which they touched to 
become abfolutely tranfparent, as if they had there been one con- 
tinued piece of glafs. For when the light fell fo obliquely on 
the air, which in other places was between them, as to be all re- 
flected, it feemed in that place of contact to be wholly trans- 
mitted ; info much that when looked upon, it appeared like a 
black or dark fpot f by reafon that little or no fenfible light was 
reflected from thence, as from other places ; and, when looked 
through, it feemed as it were a hole in that air, which was formed 
into a thin plate by being compreffed between the glaffes. And 
through this hole obje&s, that were beyond, might be feen dif- 
tin&ly, which could not at all be feen through other parts of the 
glaffes where the air was interjacent. Although the glaffes were 
a little convex, yet this tranfparent fpot was of a confiderable 
breadth, which breadth feemed principally to proceed from the 
yielding inwards of the parts of the glaffes, by reafon of their 
mutual preffure. For by prefling them very hard together it 
would become much broader than otherwife. 

Obf. i. When the plate of air, by turning the prifms about Kogfrf 
their common axis, became fo little inclined to the incident rays, 
that fome of them began to be tranfmitted ; there arofe in it many 
flender arcs of colours which at firft were lb aped almoft like the 
conchoid, as you fee them delineated in the firft figure. And by 
continuing the motion of the prifms, thefe arcs increafed, and 
bended more and more about the faid tranfparent fpot, till they 
were completed into circles or rings incompaffing it, and after- 
wards continually grew more and more contracted. 

Thefe arcs at their firft appearance were of a Violet and Blue Order rf <i* 
colour, and between them were White arcs of circles, which pre- 
fently, by continuing the motion of the prifms, became a little 
tinged in their inward limbs with Red and Yellow, and to their 
outward limbs the Blue was adjacent. So that the order of thefe 
colours, from the central dark fpot, was at that time White, 
Blue, Violet ; Black, Red, Orange, Yellow, White, Hue, Violet, 
Vol. IV. R &c - 
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fee. But the Yellow and Red were much fainter than the Blue 
and Violet. 

The motion of the prifms about their axis being continued, 
thefe colours contracted more and more, fhrinking towards the 
Whitenefs on either fide of it, until they totally vanilhed into it* 
And then the circles in thole parts appeared Black and White, 
without any other colours intermixed. But by farther moving 
the prifms about, the colours again emerged out of the White- 
nefs, the Violet and Blue at its inward limb, and at its outward 
limb the Red and Yellow. So that now their order from the cen- 
tral fpot was White, Yellow, Red, Black, Violet, Blue, White, 
Yellow, Red, &c. contrary to what it was before. 

£i£gs 0f 3 ' When the rin S s or fome parts of them appeared only 

inss * Black and White, they were very diftina and well defined, and 
the Blacknefs feemed as intenfe as that of the central fpot. Alfo 
in the borders of the rings, where the colours began to emerge 
out of the Whitenefs, they were pretty diftina, which made them 
vifible to a very great multitude. I have fometimes numbered 
above thirty fucceflions, reckoning every Black and White ring 
for one fucceflion, and feen more of them, which by reafon of 
their fmallnefs I could not number. But in other pofitions of the 
prifms* at which the rings appeared of many colours, I could 
not diftinguUh above eight or nine of them, and the exterior of 
thofe were very confufed and dilute. 

In thefe two Obfervations to fee the rings diftina, and with- 
out any other colour than Black and White, 1 found it neceflary 
to hold my eye at a good diftance from them. For by approach- 
ing nearer, although in the fame inclination of my eye to the 
plane of the rings, there emerged a Blueifh colour out of the 
White ; which, by dilating itfelf more and more into the Black, 
rendered the circles lefs diftina, and left the White a little tinned 
with Red and Yellow. I found alfo by looking through a flit or 
oblong hole, which was narrower than the pupil of my eye, and 
held dofe to it, parallel to the prifms ; I could fee the circles much 

c^if s 4 ; To obferve more nicely the order of the circles, which 

arofe out of the White circles, as the rays became lefs and lefs 

inclined 
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inclined to the plate of air; I took two objea -glafTes, the one a 
plano-convex for a fourteen foot telefcope, and the other a large 
double convex for one of about fifty foot ; and upon this, laying 
the other with its plane fide downwards, I prefixed them flowTy 
together, to make the colours fucceflively emerge in the middle 
of the circles, and then flowly lifted the upper glafs from the 
lower to make them fucceflively vanilh again in the fame place. 
The colour, which by preffing the glafTes together emerged laft 
in the middle of the other colours, would, upon its firft appear- 
ance, look like a circle of a colour almoft uniform from the cir- 
cumference to the center ; and, by comprefling the glafTes ftill 
more, grow continually broader until a new colour emerged in 
its center, and thereby it became a ring encompafling that new 
colour. And by comprefling the glafTes ftill more, the diameter 
of this ring would increafe, and the breadth of its orbit or peri- 
meter decreafe, until another new colour emerged in the center 
of the laft : and fo on until a third, a fourth, a fifth, and other 
following new colours fucceflively emerged there, and became 
rings encompafling the innermoft colour, the leaft of which was 
the Black fpot. And, on the contrary, by lifting up the upper 
glafs from the lower, the diameter of the rings would decreale, 
and the breadth of their orbit increafe, until their colours reach- 
ed fucceflively to the center ; and then they being of a confide- 
rable breadth, I could more eafily difcern and diftinguifh their 
fpecies than before. And by this means I obferved their fuccef- 
fion and quantity to be as followeth. 

Next to the pellucid central fpot, made by the contaa of the Succeffionand 
glafTes, fucceeded Blue, White, Yellow and Red. The Blue wasS™ourl 
fo little in quantity that I could not difcern it in the circles made 
by the prifms, nor could I well diftinguifh any Violet in it ; but 
the Yellow and Red were pretty copious, and feemed about as 
much in extent as the White, and four or five times more than 
the Blue. The next circuit in order of colours, immediately en- 
compafling thefe, were Violet, Blue, Green, Yellow and Red : and 
thefe were all of them copious and vivid, excepting the Green, 
which was very little in quantity, and feemed much more fair and 
dilute than the other colours. Of the other four, the Violet was 

R 2 the 
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the leaft in extent, and the Blue lefs than the Yellow or Red. The 
third circuit or order was Purple, Blue, Green, Yellow and Red ; 
in which the Purple feerned morereddifh than the Violet in the 
former circuit, and the Green was much more confpicirous, be- 
ing as brifk and copious as any of the other colours, except the 
Yellow ; but the Red began to be a little faded, inclining very 
much to Purple. After this fucceeded the fourth circuit of Green 
and Red. The Green was very copious and lively, inclining on 
the one fide to Blue, and on the other fide to Yellow. But m 
this fourth circuit there was neither Violet, Blue, nor Yellow,, 
and the Red was very imperfect and dirty. Alfo the fucceeding 
colours became more and more imperfect and dilute, fill after 
three or four revolutions they ended in perfect Whkenefs. Their 
form, when the gtafles were moft compreffed lb as to make the 
Black £p&t appear in the center, is delineated in the fecond fi- 
gure ; where a, b> r, d } e : f, g, b, i, k : /, m, n, q, p." r : 
t : v r x : yy, z denote the colours reckoned in order from the cen- 
ter; Black, Blue, White, Yellow, Red : Violet, Blue, Green, Yel- 
low, Red : Purple, Blue, Green, Yellow, Red : Green, Red : 
greenilh Blue, Red: greenifti Blue^ pale Red: greenilh Blue, red- 
drfh White. 

Thkknefs of Qbf. 5 . To determine the interval of the glares, or thfckn©& 

the Plates of r . 7 . , 5 * . T 

Airproducing or the interjacent air, by which each colour was- produced, I* 
meafured the diameters of the firft fix rings at the moft lucid 
part of their orbits ; and fquaring them, I found their fquares to- 
be in the arithmetical progrefiion of the odd numbers, i, 3,5,7, 
9, 1 1 . And fince one of thefe glaffes was plane, and the other 
fpherical,. their intervals at thofe rings mult be in the fame pro- 
grefiion. 1 meafured alfo the diameters of the dark or faint rings 
between the more lucid colours, and found their fquares to be in 
the arithmetical progrefiion of the even numbers, 2, 4, 6, 8, 10, 
1 2. And it being very nice and difficult to take thefe measures 
exactly ; I repeated them divers times at divers parts of the glaffes, 
that by their agreement 1 might be confirmed in them. And the 
fame method I ufed in determining fome others of the following 
Obfervations. 

Ohf. 
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Qbf. 6, The diameter of the fixth ring, at the moft lucid part t h e feverai 
of its orbit, was ^% parts of an inch ; and the diameter of the Culours - 
fphere on which the double convex object-glafs was ground was 
about 102 feet; and hence I gathered the thicknefsof the air, 
oraereal interval of the glaffes at that ring. But fome time af- 
ter, mfpe&ing that in making this Obfervation I had not deter- 
mined the diameter of the fphere with fufficient accuratenefs, and 
being uncertain whether the plano-convex glafs was truly pkne, 
and not fomething concave or convex on that fide which! account- 
ed plane; and whether I had not preffed the glaffes together, as 
I often did, to make them touch ; (for by prefling fuch glaffes 
together their parts eafily yield inwards, and the rings thereby 
become fenfibly broader than they would be, did the glaffes keep 
their figures) I repeated the experiment; and found the dia- 
meter of the fixth lucid ring about T 5 ^ parts of an inch. I re- 
peated the experiment alfo with fuch an objedt-glafs of another 
tefefcope as I had at hand. This was a double convex, ground 
on both fides to one and the fame fphere, and its focus was dif- 
tmt from it S 3 4 inches. And thence, if the fines of incidence 
and refraaion. of the bright Yellow light be affumed in propor- 
tion as 11 to 17, the Aameter of the fphere, to which the glafs 
was figured, will by computation be found 182 inches. Ihis 
glafs I laid upon a flat one, lb that the Black fpot appeared in the 
middle of the rings of colours, without any other preffure than 
that of the weight of the glafs. And now meafuring the dia- 
meter of the fifth dark circle, as accurately as 1 could, I found it 
the fifth part of an inch precilely. This meafure was taken with 
the points of a pair of compaffes on the upper furface on the up- 
per glafs; and my eye was about eight or nine inches -drftent Irorn 
the glafs, almoft perpendicularly over it; and the glaiswas - b ot 
an inch thick : and thence it is eafy to colleft that the true diame- 
ter of the ring between the glaffes was greater than its meaiuiea 
diameter above the glaffes, in the proportion ot 80 to 79> 01 
thereabouts ; and by confequence equal to :± part or an mc ^™ 
its true femidiameter equal to ^ parts. Now as the lll ^ e J ° 
the fphere, 182 inches, is to the iemi-diamcter of tins 
ring, JL parts of an inch, lb is this femi-diameter to ti.e tn ^ 
7 
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Thicknefsof ne f s of the air at this fifth dark ring ; which is therefore — or 
Jj Plates ° f . ; ;;; 84 parts of an inch ; and the fifth part thereof, viz. the ^ 

part' of an inch, is the thicknefs of the air at the firft of thefe 

dark rings. 

The fame experiment I repeated with another double convex 
objeft-glafs, ground on both fides to one and the fame fphere. 
Its focus was diftant from it 168^ inches, and therefore the dia- 
meter of that fphere was 184 inches. The glafs being laid up- 
on the fame plain glafs, the diameter of the fifth of the dark 
rings, when the black fpot in their center appeared plainly with- 
out prefling the glaffes, was, by the meafure of the compalTes 
upon the upper glafs, ~ parts of an inch ; and by confequence 
between the glaffes it was i§£§. For the upper glafs was j of an 
inch thick, and my eye was diftant from it 8 inches. And a 
third proportional to half this from the diameter of the fphere 
is P arts of an inch. This is therefore the thicknefs of the 
air at this ring, and a fifth part thereof, viz. the g^^th part of 
an inch is the thicknefs thereof at the firft of the rings, as above. 

I tried the fame thing by laying thefe object-glaffes upon flat 
pieces of a broken looking-glafs, and found the fame meafures 
of the rings. Which makes me rely upon them, till they can be 
determined more accurately by glaffes ground to larger fpheres ; 
though in fuch glaffes greater care muft be taken of a true plane. 

Thefe dimenfions were taken when my eye was placed almoft 
perpendicularly over the glaffes, being about an inch, or an inch 
and a quarter, diftant from the incident rays, and eight inches 
diftant from the glafs ; fo that the rays were inclined to the glafs 
in an angle of about four degrees. Whence by the following 
Obfervation you will underftand, that had the rays been perpen- 
dicular to the glaffes, the thicknefs of the air at thefe rings would 
have been lefs, in the proportion of the radius to the fecant of 
four degrees, that is of 10000 to 10024. Let the thickneffes 
found be therefore diminifhed in this proportion, and they will 
become and ~^ T ; or, to ufe the neareft round number, the 

■*th 
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__i__th part of an inch. This is the thicknefs of the air at the producing 
darkeft part of the Firft dark ring made by perpendicular rays i^Sy. 
and half this thicknefs multiplied by the progreffion 1, 3, 5, 7, 9, 
11, &c. gives the thickneffes of the air at the moft luminous 
parts of all the brighteft rings, viz. rj^s, tti^o, ttiW, ttsW, 
&e. their arithmetical means ,. s ; oo , 77i°oo> 178 L ) &c. being its 
thickneffes at the darkeft parts of all the dark ones. 

Obf. 7. The rings were leaft, when my eye was placed perpen- 
dicularly over the glaffes in the axis of the rings t and when I 

viewed them obliquely, they 



Aagle of In- 
dence on the 
Air. 


Angle ot Re-J Diameter 
fradion into|of the 
the Air. 'Ring. 


Thick neis 
of the 
Air. 


Degr, Min. 






! 




00 00 


00 


00 


! '° 


10 


06 26 


10 


00 




xo/ T 


12 45 


20 


00 


1 of 


i°f 


18 49 


30 


00 


i IO* 


»f 


24 30 


40 


00 


! 11 v 


13 


29 37 


5° 


00 


| »§ 


'Si 


33 5 s 


60 


00 




20 


3? 47 


6S 


00 


«si 


*3i 


37 19 


70 


00 


! 16* 


*H 


i 38 33 


75 


00 




37 


39 27 


80 


00 


1 3 2« 


s*i 


40 00 


85 


00 


29 


84 T V( n ) 


: 40 n 


90 


00 


3S 





became bigger; continually 
fwelling as I removed my eye 
farther from the axis. And 
partly by meafuring the dia- 
meter of the fame circle at 
feveral obliquities of my eye, 
partly by other means, as alfo 
by making ufe of the two 
prifms for very great obliqui- 
ties, I found its diameter, and 
confequently the thicknefs of 
the air at its perimeter, in all 
thofe obliquities, to be very nearly in the proportions expreffed 
in this Table. 

Inthetw r o firft columns are expreffed the obliquities of the in- 
cident and emergent rays to the plate of the air ; that is, their 
angles of incidence and refraction. In the third column, the dia- 
meter of any coloured 'ring at thofe obliquities is expreffed in 
parts, of which ten conftitute that diameter, when the rays are 
perpendicular. And in the fourth column, the Thicknefs of the 
air, at the circumference of that ring, is expreffed in parts of which 
alfo ten conftitute its thicknefs, when the rays are perpendicular. 

And from thefe meafures I feem to gather this rule: That the 
Thicknefs of the air is proportional to the fecant of an angle, 

th!-Tf^ he third ctiitifm correfled by the Author's own hand, and kit before his death with 

of thfi f Cr ' h8S ^ ' But the bettcr readin g 1 take t0 be which W3S tbC reading 

e hllt and teconil edition, and of both the Latin editions of Dr. Clark. 

whofe 



g OPTICS. BookIL 

Th^nefiof whofc fine is a certain mean proportional between the fines of 
% Piatcs ol incidence and refraaion. And that mean proportional, fo tar as 
by thefe meafures I can determine it, is the firft of an hundred 
and fix arithmetical mean proportionals between thofe fines, 
counted from the bigger fine ; that is, from the fine of refrac- 
tion, when the refraaion is made out of the glafs into the plate 
of air ; or from the fine of incidence, when the refraaion is made 
out of the plate of air into the glafs. 

Qbf. 8. The dark fpot in the middle of the rings increafed alfo 
by the obliquation of the eye, although almoft infenfibly. But 
if inftead of the objea-glaffes the prifms were made ufe of, its 
increafe was more manifeft, when viewed fo obliquely that no co- 
lours appeared about it. It was leaft, when the rays were inci- 
dent raoft obliquely on the interjacent air, and as the obliquity 
decreafed, it increafed more and more until the coloured rings 
appeared; and then decreafed again, but not fo much as it in- 
creafed before. And hence it is evident, that the tranfparency 
was not only at the abfolute contaa of the glaffes, but alfo where 
they had fome little interval. I have fometimes obierved the dia- 
meter of that fpot to be between half and two -fifth parts of the 
diameter of the exterior circumference of the Red in the firft cir- 
cuit or revolution of colours, when viewed almoft perpendicular- 
ly ; whereas, when viewed obliquely, it hath wholly vanilhed, 
and become opake and White like the other parts of the glafs : 
whence it may be colleaed that the glaffes did then fcarcely, or 
not at all, touch one another; and that their interval at the peri- 
meter of that fpot, when viewed perpendicularly, was about a 
fifth or fixth part of their interval at the circumference of the 
faid Red. 

Sin made 0 " 9 * By lo °king through the two contiguous objea-glaffes, 

I found that the interjacent air exhibited rings of colours, as well 
by tranfmitting light as by refletting it. The central fpot was 
now White, and from it the Order of the colours were yellowifh 
Red; Black, Violet, Blue, White, Yellow, Red; Violet, Blue, 
Green, Yellow, Red, 8cc. But thefe colours were very faint and 
dilute, unlefs when the light was trajeaed very obliquely through 
the glaffes : for by that means they became pretty vivid. Only 

the 
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the firft yellowifh Red, like the Blue in the fourth Obfervation, fey **f* "t- 

lij.^ j ^ j e( j Light. 

was fo little and faint as fcarcely to be difcerned. Comparing the 
coloured rings made by reflexion, with thefe made by Tranfmif- 
fionof theligbt; I found that White was oppofite to Black, Red 
to Blue, Yellow to Violet, and Green to a compound of Red and 
Violet. That is, thofe parts of the glafs were black when look- 
ed through, which when looked upon appeared White, and on 
the contrary. And fo thofe which in one cafe exhibited Blue, 
did in the other cafe exhibit Red. And the like of the other co- 
lours. The manner you have reprefented in the third figure, 
where ab, cd are the furfaces of the glaffes contiguous at e, and 
the black lines between them are their distances in arithmetical 
progremon, and the colours written above are feen by Refleaed 
light, and thole below by light Tranfmitted. 

Qbf. 10. Wetting the objea-glaffes a little at their edges, the^f^- 
water crept in flowly between them ; and the circles thereby be- Plates of 

Water. 

came lefs, and the colours more faint : infomuch that as the wa- 
ter crept along, one half of them at which it firft arrived, would 
appear broken off from the other half, and contraaed into a lefs 
?oom. By meafuring them, 1 found the proportions of their 
diameters to the diameters of the like circles made by air to be 
about feven to eight ; and consequently the intervals of the glaffes 
at like circles, caufed by thole two mediums water and air, are 
as about three to four. Perhaps it may be a general rule, tout 
if any other medium more or lefs denfe than water be compreffed 
between the glaffes, their intervals, at the rings caufed thereby, 
will be to their intervals caufed by interjacent air, as the fines are, 
which meafure the refraaion made out of that medium into air., 

Obf. 11. When the water was between the glaffes, if IprefledinJ«"f 
the upper plafs variouflv at its cdffes. to make the rings move more fubtii 

1 L o J o > than Air. 

nimbly from one place to another, a little white fpot would im- 
mediately follow the center of them, which upon creeping in of 
me ambient water into that place would prcfently vanifh. Its 
appearance was fuch as interjacent air would have caufed, and it 
exhibited the fame colours. But it was not air, for where any 
hubbies of air were in the water they would not vanifh. The 
reflexion mult have rather been caufed by a fubtiler medium, 
Vol. IV. S which 
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which could recede through the glaffes at the creeping in of the 
water. 

Qbf. 12. Thefe obfervations were made in the open air. But 
farther to examine the effeas of coloured light falling on the 
glaffes, I darkened the room, and viewed them by reflexion of 
the colours of a prifm caft on a. meet of white paper ; my eye 
being fo placed that I could fee the coloured paper by reflexion in 
the glaffes, as in a looking-glafs. And by this means the rings 
became diftin&er and vifible to a far greater number than in the 
open air. I have fometimes feen more than twenty of them, , 
whereas in the open air I could not difcern above eight or nine. 

Qbf. 13. Appointing an afliftant to move the prifm to and fro-« 
about its axis, that all the colours might fucceffively fall on that 
part of the paper, which I faw by reflexion, from that part of 
the glaffes, where the circles appeared, fo that all the colours 
might be fucceffively reflected from the circles to my eye, whilft 
I held it immoveable ; I found the circles which the Red light- 
made to be manifeftly bigger than thofe which were made by the 
Elite and Violet. And it was very pleafant to fee them gradually 
fwell or contract accordingly as the colour of the light was changed.. 
The interval of the glaffes at any of the rings, when they were 
made by the outmoft Red light, was to their interval at the fame- 
ring when made by the outmoft Violet,, greater than as 3 to 2,. 
and lefs than as 13 to -8. By the mod of my obfervations it was 
as 14 to 9. And this proportion feemed very nearly the fame in 
all obliquities of my eye; unlefs when two prifms were made- 
ufe of inftead of the object-glaffes. For then, at a certain great 
obliquity of my eye, the rings made by the feveral colours feemed 
equal ; and at a greater obliquity, thofe made by the Violet 
would be greater than the fame rings made by the Red : the re* 
fraction of the prifm in this cafe caufing the raoft refrangible 
rays to fall more obliquely on that plate of the air than the leaft 
refrangible ones. Thus the experiment fucceeded in the coloured 
light, which was fufficiently ftrong and copious to make the rings 
feniibie. And thence it may be gathered, that if the moft re- 
frangible and leaft refrangible rays had been copious enough to 
raakg the rings fenfible without the mixture of other rays, the 

•proportion 
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proportion which here was 14 to 9 would have been a lftdety fnfawtw 
greater, fuppofe 14^ or 14} to 9, 

Obf. 14. Whilft the prifm was turned about its axis with an 
uniform motion, to make all the feveral colours fall fucceffively 
upon the object-glaffes, and thereby to make the rings contract 
and dilate : the contraction or dilatation of each ring, thus made 
by the variation of its colour, was fwifteft in the Red, and flow- 
eft in the Violet, and in the intermediate colours it had interme- 
diate degrees of celerity. Comparing the quantity of contrac- 
tion and dilatation made by all the degrees of each colour, I found 
that it was greateft in the Red ; lefs in the Yellow ; ftiU lefs in 
the Blue ; and leaft in the Violet. And to make as juft an efti- 
mation as I could of the proportions of their contractions or di- 
latations, I obferved that the whole contraction or dilatation of 
the diameter of any ring, made by all the degrees of Red, was to 
that of the diameter of the fame ring, made, by all the degrees of 
Violet, as about four to three, or five to four ; and that when 
the light was of the middle colour between Yellow and Green, 
the diameter of the ring was very nearly an arithmetical mean 
between the greateft diameter of the fame ring made by the out- 
moft Red, and the leaft diameter thereof made by the outmoft 
Violet ; contrary to what happens in the colours of the oblong 
fpe&ram made by the refraction of a prifm, where the Red is 
moft contracted, the Violet moft expanded, and in the midft of 
all the colours is the comflne of Green and Blue. And hence I 
feem to collect that the Thicknefies of the air between the glaffes 
there, where the ring is fucceffively made by the limits of the 
five principal colours, Red, Yellow, Green, Blue, Violet, in order; 
that is, by the extreme lied, by the limit of Red and Yellow in 
the middle of the Orange, by the limit of Yellow and Green, by 
the limit of Green and Blue, by the limit of Blue and Violet in 
die middle of the Indigo, and by the extreme Violet ; are to one 
another very nearly as the fix lengths of a chord which found 
the notes in a fixth major, fof, la, mi r fa,/oI, la. But it agrees 
^methin-g better with the observation to fay,- that the Thicknefies 
of the air between the glaffes there, where the rings are fuccef- 
fively made by the limits of the feven colours, Red, Orange, 

S 2 : Yellow, 



OPTICS. BookIL 

!!L g , Yellow, Green, Blue, Indigo, Violet in order, are to one another 
Siic y as the cube-roots of the fquares of the eight lengths of a chord, 
Li £ ht - which found the notes in an eighth, fol, la, fa, fol, la, mt, fa, fol; 
that is, as the cube-roots of the fquares of the numbers, j, 

Obf 15/ Thefe rings were not of various colours, Tike thofe 
made in the open air, but appeared all over of that Prifmatick. 
colour only with which they were illuminated.. And by pro- 
jeaing the Prifmatick colours immediately upon the glafles, I 
found that the light which fell on the dark fpaces, which were 
between the coloured rings, was tranfmitted through the glafles 
without any variation of colour. For on a white paper placed 
behind, it would paint rings of the fame colour with thofe which 
were reflected, and of the bignefs of their immediate (°) fpaces* 
And from thence the origin of thefe rings is manifeft ; namely, 
that the air between the glafles, according to its various Thick- 
nefs, is difpofed in fome places to reflea, and in others to trans- 
mit the light of any one colour, as you may fee reprefented in 
the fourth figure ; and in the fame place to reflect that of one. 
colour, where it tranfmits that of another. 

Obf. 16. The fquares of the diameters of thefe rings, made by 
any prifmatick colour, were in arithmetical progreflion, as in the 
£fth Obfervation. And the diameter of the fixth circle, when 
made by the Citrine Yellow, and viewed almoft perpendicularly,, 
was about T ~ parts of an inch, or a little lefs, agreeable to the 
fixth Obfervation. 

The precedent Obfervations were made with a rarer thin me- 
dium, terminated by a denfer, fuch as was air or water compref- 
fed between two glafles. In thofe that follow are fet down the 
appearances of a denfer medium thinned within a rarer; fuch as 
are plates of Mufcovy glafs, bubbles of water, and fome other 
thin fubftances terminated on all fides with air. 
Rin ?s of obf. 17. If a bubble be blown with water firffc made tenacious 

Colours 

by diflblving a little foap in it, it is a common obfervation, that 
after a while it will appear tinged with a great variety of colours. 
To defend thefe bubbles from being agitated by the external air 

(°) Perhaps intermediate. 

S (whereby 
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(whereby their colours are irregularly moved one among another, in bubbles 
fo that no accurate obfervation can be made of them) as foon as 
I had blown any of them I covered it with a clear glafs, and by 
that means its colours emerged in a very regular order, like fo 
many concentrick rings encompafling the top of the bubble. 
And as the bubble grew thinner, by the continual fubfiding of 
the water, thefe rings dilated llowly and overfpread the whole 
bubble, defcending in order to the bottom of it, where they va- 
nilhed fucceflively. In the mean while, after all the colours 
were emerged at the top, there grew in the center of the rings a 
fmall round Black fpot, like that in the firft Obfervation; which 
continually dilated itfelf till it became fometimes more than l - or 
1 of an inch in breadth, before the bubble broke. At firft 1 
thought there had been no light refleaed from the water in that 
place ; but obferving it more curioufly, I faw within it feveral 
fmaller round fpots, which appeared much blacker and darker 
than the reft ; whereby I knew that there was fome reflexion at 
the other places which were not fo dark as thofe fpots. And by 
farther trial I found that I could fee the images of fome things 
(as of a candle or the fun) very faintly refleaed, not only from 
the great Black fpot, but alfo from the little darker fpots which 
were within in it. 

Befides the aforefaid coloured rings there would often appear 
fmall fpots of colours, afcending and defcending up and down, 
the fides of the bubble, by reafon of fome inequalities in the fub- 
fiding of the water. And fometimes fmall Black fpots, generated 
at the fides, would afcend up to the larger Black fpot at the top of 
the bubble, and-hanite with it. 

Obf 18. Becaufe the colours of thefe bubbles were more ex- 
tended and lively than thofe of the air thinned between two glafles, 
and fo more eafy to be diitinguiftied, 1 fhall here give jou a far- 
ther defcrintion of their order, as they were obferved in viewing 
them by reflexion of the fkies, when of a White colour, whilft 
a black fubftance was placed behind the bubble. And they were 
fcefe; Red, Blue; Red, Blue ; Red, Blue; Red, Green ; Red r 
Yellow, Green, Blue, Purple; Red, Yellow, Green, Blue, Violet;, 

&ed, Yellow, White, Blue, Black, 

' ' The 
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Rings of The three firft fucceffions of Red and Blue were very dilute 
Col ° urs . and dirty, efpecially the firft, where the Red feemed in a manner 
to be White. Among thefe there was fcarce any other colour 
fenfible befides Red and Blue, only the Blues, and principally the 
fecond Blue, inclined a little to Green. 

The fourth Red was alfo dilute and dirty, but not fo much as 
the former three ; after that fucceeded little or no Yellow, but a 
copious Green, which at firft inclined a little to Yellow, and then 
became a pretty brilk and good Willow Green, and afterwards 
changed to a blueiih colour; but there fucceeded neither Blue nor 
Violet. 

The fifth Red at firft inclined very mucli to Purple, and after- 
wards became more bright and brifk, but yet not very pure. This 
was fucceeded with a very bright and intenfe Yellow,, which was 
but little in quantity, and foon changed to Green : but that Greea 
was copious, and fomething more pure, deep and lively, than 
the former Green. After that followed an excellent Blue of a 
bright fky-colour, and then a Purple, which w.asiefs.in quantity 
•than the Blue, and much inclined to Reds 

The fixth Red was at firft of a very fair and lively Scarlet, and 
foon after of a brighter colour, being very pure and brifk, and 
the betl of all the Reds. Then, after a lively Orange, followed 
an intenfe bright and copious Yellow ; which was alfo the beft of 
alLjthe Yellows, and this changed firft to a greenifh Yellow, and 
then to a greeniih Blue : but the Green between the Yellow and 
the Blue, was very little and dilute, feeming rather a greenifh 
White than a Green. The Blue which fucceeded became very 
good, and of a very fair bright fky-colour, but yet fomething 
inferior to the former Blue ; and the Violet was intenfe and deep 
with little or no Rednefs in it. ■ And leis in quantity than the 
Blue. 

In the laft Red appeared a tindure of Scarlet next to Violet, 
which foon changed to a brighter colour, inclining to an Orange ; 
- and the Yellow which followed was at firft pretty good and lively* 
but afterwards it grew more dilute* until by degrees it ended in 
perfeft Whitenefs. And this Whitenefs, if the water was very 
tenacious and well tempered, would llowly fpread and dilate itfell' 

over 
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over the greater part of the bubble, continually growing paler in bubbles of 
at the top; where at length it would crack in many places ; and aer * 
thofe cracks, as they dilated, would appear of a pretty good, but 
yet obfeure and dark fky-colour; the White between the Blue 
fpots diminifhing, until it refembled the threads of an irregular 
net-work, and foon after vanifhed and -left all the upper part of 
the bubble of the laid dark Blue colour. And this colour, after 
the aforefaid manner, dilated itfelf downwards, until fometimes 
it hath overfpread the whole bubble. In the mean while at the 
top, which was of a darker Blue than the bottom, and appeared- 
alfo full of many round blue fpots,, fomething darker than the 
reft, there would emerge one or more very Black fpots; and 
within thofe, other fpots of anintenfer Blacknefs, which I men- 
tioned in the former Obfervation ; and thefe continually dilated : 
themfelves until the bubble broke. 

If the water was not very tenacious, the Black fpots would break 
forth in the White, without any fenfible intervention of the Blue. 
And fometimes they would break forth within the precedent Yel- 
low, or Red, or perhaps within the Blue of the fecond order,, 
before the intermediate colours had time to difplay themfelves. 

By this defcription you may perceive, how great an affinity thefe 
colours have with thofe of air defcribed in the fourth Obferva-- 
tion, although fet down in a contrary order; by reafon that they 
begin to appear when the bubble is thickeft, and are molt con- 
veniently reckoned from the loweft and thickeft part of the bub- 
ble upwards... 

Obf. 19. Viewing, in feveral oblique pofitions of my eye, the 
rings of colours emerging on the top of the bubble, - 1 found 
that they were fenfibly dilated by incrcafing the Obliquity, but 
yet not fo much by far as thofe made by thinned air in the feventh 
Obfervation. For there they were dilated fo much as, when 
viewed moft obliquely, to arrive at a part of the plate more than 
^elve times -thicker, than that where they appeared when view- ■ 
ed perpendicularly ; whereas in this cafe, the thkknefs of the 
Wa ter, at which they arrived when viewed moll obliquely, was 
t0 that thkknefs which exhibited them by perpendicular rays, 
fomething lefs than as 8 to 5. By the beft of my obfervations 

it 
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it was between 1 5 and 1 51 to 10 ; an increafe about 24 times left 
than in the other cafe. 

Sometimes the bubble would become of an uniform thicknefs 
all over, except at the top of it near the Black fpot; as 1 knew, 
becaufe it would exhibit the fame appearance of colours in all po- 
fitions of the eye. And then the colours, which were feen at 
its apparent circumference by the obliqueft rays, would be diffe- 
rent from thofe that were feen in other places, by rays lefs ob- 
lique to it. And divers fpeftators might fee the fame part of it 
of differing colours, by viewing it at very differing obliquities. 
Now obferving how much the colours at the fame places of the 
bubble, or at divers places of equal thicknefs, were varied by 

the feveral obliquities of the 
rays ; by the affiftance of the 
4th, 14th, 1 6th and 1 8th Ob- 
fervations, as they are here- 
after explained, I collect the 
Thicknefs of the water requi- 
fite to exhibit any one and the 
fame colour, at feveral obii- 
the proportion expreffed in this 
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quities, to be very nearly in 
Table. 

In the two firft columns are expreffed the obliquities of the 
rays to the fuperficies of the water, that is, their angles of in- 
cidence and refraction. Where I fuppofe that the lines, which 
meafure them, are in round numbers as 3 to 4 ; though proba- 
bly the diffolution of foap in the water, may a little alter its Re- 
fractive virtue. In the third column the Thicknefs of the bub- 
ble, at which any one colour is exhibited in thofe feveral obliqui- 
ties, is expreffed in parts, of which ten conftitute its Thicknefs- 
when the rays are perpendicular. And the rule found by the fe- 
venth Obfervation agrees well with thefe meafures, if duly ap- 
plied; namely, that the Thicknefs of a plate of water requifite- 
to exhibit one and the fame colour at feveral obliquities of the 
eye, is proportional to the fecant of an angle, whofe fine is the 
firft of an hundred and fix arithmetical mean proportionals be-, 
tween the fines of incidence and refraftion counted from the leffer. 

fine, 
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fine, that is, from the fine of refra£lion, when the refra&ion. is m v,m,\^ of 
made out of air into water, otherwife from the fine of incidence. u,uer ' 
I have fometimes obferved, that the colours which arife on po- Change of 

Colour by 

liihed fteel by heating it, or on bell-metal, and fome other me-obiiquanon 
talline fubftances, when melted and poured on the ground, where Jf*n^S 
they may cool in the open air, have, like the colours of water- J^ fc rub " 
bubbles, been a little changed by viewing them at divers obliqui^ 
ties: and particularly that a deep Blue, or Violet, when viewed 
very obliquely, hath been changed to a deep Red. But the changes 
of thefe colours are not fo great and fenfible, as of thofe made by 
water. For the Scoria, or vitrified part of the metal, which 
moft metals when heated or melted do continually protrude, and 
fend out to their furface, and which, by covering the metals in 
form of a thin glaffy fkin, caufes thefe colours, is much denfer 
than water ; and I find that the change, made by the obliquation 
of the eyes, is leaft in colours of the denfeft thin fubftances. 

CW, 20. As in the ninth Obfervation fo here, the bubble, by Rings of Co- 

u u" u " ours in " u °" 

tranfmitted light, appeared of a contrary colour to that which bks of Water 
it exhibited by reflexion. Thus when the bubble, being looked ^ tJ ^^ m 
on by the light of the clouds reflected from it, feemed Red at its 
apparent circumference ; if the clouds at the fame time, or im- 
mediately after, were viewed through it, the colour at its circum- 
ference would be Blue. And, on the contrary, when by re- 
flected light it appeared Blue, it would appear Red by tranfmit- 
ted light. 

Obf. si. By wetting very thin plates of Mufcovy glafs, whofe V^ofCo. 
thinnefs make the like colours appear, the colours became more on the denfit y 

,, . r *■ 1 , n r . ot the Plate 

■taint and languid; efpecially by wetting the plates on that lule not on that of 
oppofite to the eye ; but I could not perceive any variation of 
their fpecies. So then the Thicknefs of a plate requifite to pro- 
duce any colour, depends only on the denfity of the plate, and 
not on that of the ambient medium. And hence, by the 10th 
and i6tfi Obfervations, may be known the Thicknefs which bub- 
bles of water, or plates of Mufcovy glafs, or other fubftances, 
have at any colour produced by them. 

°¥> 22. A thin tranfparent body, which is denfer than its am- 
bient medium, exhibits more brilk. and vivid colours than that 

Vol. IV. T which 
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,3 which is ■& rmich rarer ; as I have particularly obferved in the 
air and glafs. For blowing glafs very thin at a lamp-furnace, 
• thoTe plates encornpafled wkh air did exhibit colours much more 
vivid 'than thofe of air made thin between two glafles. 

Obf. 1$. Comparing the Quantity of light reflected from the 
feveral rings, I found that it was moft .copious from the firft or 
inmoft, and in the exterior rings became gradually lefs and lefs. 
Alfo the Whitenefs of the firft ring was ftronger than that re- 
fiefted from thofe parts of the thin medium or plate, which 
were without the rings ; as I cmikl manifeftly perceive, by view- , 
ing at a diftance the rings made by the two object-glarles ; or by 
comparing two bubbles of water blown at diftant times, in the 
firft of which the Whitenefs appeared, which fucceeded all the 
colours, and in the other, the Whitenefs which preceded them 
all. 

lings- viewed Qbf. 24., When the two object-glafles were laid upon one an- 
other, fo as to make the rings of the colours appear, though with 
my naked eye I could not difcern above eight or nine of thofe 
rings, yet by viewing them through a prifm I have feen a far 
greater multitude; inibmuch that I could number more than for- 
ty, befides many others, that were lb very fmall and clofe toge- 
ther, that I could not keep my eye fteady on them federally fo 
as to number them, but by their extent- 1 have fometimes efti- 
mated them to be more than an hundred. And I believe the Ex- 
periment may be improved to the difcovery of far greater num- 
bers. For they feem to be really unlimited, though vifible only 
lb far as they can be feparated by the refraction of the prifm, 
as I mall hereafter explain. 

But it was but one fide of thefe rings, namely* that towards 
which the refraction was made, which by that refraction was ren- 
dered diftinct ; and the other fide became more confufed than 
when viewed by the naked eye: infomuch that there I could not 
difcern above one or two, and fometimes none of thofe rings, of 
which I could difcern eight or nine with my naked eye. And 
their fegments or arcs, which on the other fide appeared fo nume- 
rous, for the moft part exceeded not the third pait of a circle. It 
the refraction was very great, or the prifm very diftant from the 

object- 



o b t > e a ^39 

object- glafTes, the middle part of thofe arcs became alfo confufed, by PiHWic 
fo as to dii appear and constitute an even Whitenefs : whilft on ei- ' kU * 
ther fide, their ends, as alfo the whole arcs fartheft from the cen- 
ter, became diftincter than before, appearing in the form as you 
fee them defigned in the fifth figure. 

The arcs, where they feemed diftincteft, were only White and 
Black fuffcefFively, without any other colours intermixed. But 
in other places there appeared colours, whofe order was inverted 
by the refraction in fuch manner, that if I firft held the prifm 
very near the object-glalfes, and then gradually removed it far- 
ther off towards my eye, the colours of the 2d, 3d, 4th, and 
following rings fhrunk towards the White that emerged between 
them, until they wholly vaniihed into it at the middle of the 
arcs, and afterwards emerged again in a contrary order. But at 
the ends of the arcs they retained their order unchanged. 

I have fometimes fo laid one object -glafs upon the other, that 
to the naked eye they have all over feemed uniformly \Vbite, 
without the leaft appearance of any of the coloured rings ; and 
yet by viewing them through a prifm, great multitudes of thofe 
rings have difcovered themfelves. And in like manner plates of 
Mufcovy glafs, and bubbles of glafs blown at a lamp- furnace, 
which were not fo thin as to exhibit any colours to the naked eye, 
have through the prifm exhibited a great variety of them ranged 
irregularly up and down in the form of waves. And fo bubbles 
of water, before they began to exhibit their colours to the naked 
eye of a by-ftander, have appeared through a prifm, girded about 
with many parallel and horizontal rings ; to produce which ef- 
fect, it was neceflary to hold the prifm parallel, or very nearly 
parallel to the horizon, and to difpofe it fo, that the rays might 
be refrafted upwards. 
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PART II. 



Remarks upon the foregoing Obfervations. 

^^ of TTAVING given my obfervations of thefe colours, before I 
A J- make life of them to unfold the caufes of the colours of 
Natural Bodies, it is convenient that by the fimpleft of them, 
fuchasarethe 2d, 3d, 4th, 9th, 12th, 18th, 20th, and 24th, I 
firft explain the more compounded. And firft to Ihevv how the 
colours in the fourth and eighteenth Obfervations are produced, 
let there be taken in any right line from the point y 6.] 
the lengths ya, yb, yc, yd, ye, yf, yg, yh, in proportion to one 
another, as the cube- roots of the fquares of the numbers, |, T \» 
1» T# }) |» f, r, whereby the lengths of a Mufical chord to found 
all the notes in an eighth are reprefented ; that is, in the propor- 
tion of the numbers 6300, 6814, 7114, 7631, 8255, 8855, 
9343, 10000. And at the points a, b, c, d, e, f, g, h, let per- 
pendiculars Aa,.B& &c. be erected, by whofe intervals the ex- 
tent of the feveral colours fet underneath againft them, is to be 

reprefented. 
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reprefented. Then divide the line a« in fuch proportion as the of; 
numbers 1, 2, 3, 5, 6, 7, 9, 10, 1 1, &c. fet at the points of di- °" 
vilion denote. And through thofe divifions from y draw lines 
tl, 2K, 3L, sm, 6n, 7O, &x. 

Now if a 2 be fuppofed to reprefent the thicknefs of any thin , 
tranfparent body, at which the outmoft Violet is moft copioully 
renewed in the firft ring, or feries of colours ; then, by the 1 3th 
Obfervation (°), hk. will reprefent its thicknefs, at which the out- 
moft Red is moft copioully reflected in the fame feries. Alfo by 
the 5th and 16th Obfervations, a6 and hn will denote the thick- 
neffes at which thofe extreme colours are moft copioully reflected 
inthefecond feries; and aio and HQ_the thicknefles, at which 
they are moft copioully reflected in the third feries, and fo on. 
And the thicknefs at which any of the intermediate colours are 
reflected moft copioully, will, according to the 14th Obfervation, 
be defined by the diftance of the line ah from the intermediate 
parts of the lines 2K, 6n, ioq^, Sec. againft which the names of 
thofe colours are written below. 

But farther, to define the latitude of thefe colours in each ring 
or feries, let Ai defign the leaft thicknefs, and A3 the greateft 
thicknefs, at which the extreme Violet in the Firft feries is re- 
flected ; and let hi, and hl, defign the like limits for the extreme 
Red ; and let the intermediate colours be limited by the interme- 
diate parts of the lines ll, and 3L, againft which the names of 
thofe colours are written, and fo on : but yet with this caution, 
that the reflexions be fuppofed ftrongeft atthe intermediate fpaces, 
2K, 6n, iocl, Sec. and from thence to decreafe gradually towards 
thefe limits, il, 3L, 5M, 7O, fee. on either fide ; where you muft 
not conceive them to be precifely limited, but to decay indefinite- 
ly. And whereas I have affigned the lame latitude to every fe- 
ries ; I did it, becaufe although the colours in the firft fe-ries feem 
t( > be a little broader than the reft, by reafon of a ftrongcr re- 
flexion there, yet that inequality is fo infenlible as fcarcely to 1 e 
determined by obfervation. 

Now according to this defcription, conceiving that the rrys 
originally of feveral colours, are by turns reflected at the ip^es 

(") — by the i$tb Obfcrvatkn.'] Rather by the 14th. 

I'- 1 3> 



O p T I G Si Book 11. 

■ r l]L ^ 5M 07, 9 prii, &x\ and tranfmitted at the fpaees ahIi, 
3LMV7OP9, &c. it is cafv to know what colour mull, in the open 
air, be exhibited at any' Thickneis of a tranfparent thin body. 
For if a ruler be applied parallel to ah, at that diiiancc from it, 
by which the thickneis of the body is reprefented, the alternate 
fpaees, SMO7, &x. which it crofleth, will denote the rented 

original colours, of which the colour, exhibited in the open air,, 
is compounded. Thus if the conihtution of .the Green in the 
Third feries of colours be defired, apply* the ruler as you fee at 
77JCy 5 and by its paffing through fonic of the Blue at tt, and Yel- 
low at as well as through the Green at ^, you may conclude 
that the Green exhibited at that thicknefs of the body is princi- 
pally coiiitltutcd of original Green, but not without a mixture of 
foine Blue and Yellow. 

By this means you may know how the colours, from the cen- 
ter of the rings outward, ought to fucceed in order as they were 
defcribed in the 4th and 1 8th Observations. For if you move 
the ruler gradually from ah through all diftances, having paired 
over the uric fpuce, which denotes little or no reflexion to he made 
by thinned fublhmces, it will firlt arrive at 1 the Violet; and then 
very quickly at the Blue and Green, which together with that 
Violet compound Blue; and then at the Yellow and Red, by whole 
farther addition that Blue is converted into Whitenefs, which 
whitenefs continues during the tranfit of the edge of the ruler 
from I to 3 ; and after that, by the fucceffive deficience of its com- 
ponent colours, turns firft to compound Yellow, and then to Red, 
and laft of all the Red eeafeth at l. Then begin the colours of 
the fecond feries, which fucceed in order during the tranfit of 
the edge of the ruler from 5 to O, and are more lively than be- 
fore, becaufe more expanded and fevered. And for the fame 
reafon, inltead of the former White, there intercedes between the 
Blue and Yellow a mixture of Orange, Yellow, Green, Blue and 
Indigo, all which together ought to exhibit a dilute and impar- 
led Green. So the colours of the third feries all fucceed in or- 
der ; firft, the Violet, which a little interferes with the Red of 
the fecond order, and is thereby inclined to a reddiih Purple ; 
then the Blue and Green, which are lefs mixed with other co- 
lours, 
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lours, and confequently more lively than before, efpecially the c f refined 
Green : then follow the Yellow, Tome of which towards the ColoU!S * 
Green is diftinct and good, but that part of it towards the fuc- 
•ceeding Red, as alio that Red is mixed with the Violet and Blue 
of the fourth feries ; whereby various degrees of Red very much 
inclining to Purple are compounded. The Violet and Blue, which 
mould fucceed this Red, being mixed with, and hidden in it, 
there lucceeds a Green. And this at firft is much inclined to 
Blue, but foon becomes a good Green, the only unmixed and 
lively colour in this Fourth feries. For as it verges towards the 
Yellow, it begins to interfere with the colours of the Fifth fe- 
ries ; by whofe mixture the fucceeding Yellow and Red are very 
much diluted and made dirty, efpecially the Yellow, which, be- 
ing the weaker colour, is fcarce able to mew itfelf. After this the 
feveral feries interfere more and more, and their colours become 
more and more intermixed, till after three or four more revolu- 
tions (in which the Red and Blue predominate by turns) all forts 
of colours are in all places pretty equally blended, and compound 
an even Whitenefs. 

And fince by the 1 5th Obfcrvation the rays endued with one of Tmnfmit- 
colour are tranfmitted, where thofe of another colour are re- 
flected, the reafon of the colours made by the tranfmitted light 
in the 9th and 20th Obfervations is from hence evident. 

If not onlv the order and fpecies of thefe colours, but alfo the Thicknefs of 

• r coloured 

precile Thicknefs of the plate, or thin body at which they are Pates, 
exhibited, be defired in parts of an inch, that may be alfo ob- 
tained by affiftance of the 6th or 1 6th Obfervations. For ac- 
cording to thofe Obfervations the thicknefs of the thinned air, 
which between two glafles exhibited the raoft luminous parts of 

the firft fi x rings, were TT f^ -sWo> tt^oc, ~£oo 

parts of an inch. Suppofe the light reflected moit copiouily at 
theie thicknefTes be the bright citrine Yellow, or confine of Yel- 
hw an <l Orange; and theft thicknefTes will be F*, Fw, f?, f-, f7- 
And this bsiiig known, it is eafv to determine what Thickness of 
air 18 repr-uentcd by of, or by any other distance of the ruler 
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Thicknefs of But farther, fince by the i oth Obfervation the thicknefs of air 
nZ ei was to the thicknefs of water, which between the fame glaffes 
exhibited the fame colour, as 4 to 3 ; and by the 21ft Obferva- 
tion the colours of thin bodies are not varied by varying the am- 
bient medium : the Thicknefs of a bubble of water, exhibiting 
any colour, will be | of the thicknefs of air producing the fame 
colour. And fo according to the fame 1 oth and 2 1 ft Obfervations 
the Thicknefs of a plate of glafs, whofe refra&ion of the mean 
refrangible ray is meafured by the proportion of the fines 3 1 to 
20, may be ~ of the thicknefs of air producing the fame colours; 
and the like of other mediums. I do not affirm, that this pro- 
portion of 20 to 31 holds in all the rays ; for the fines of other 
forts of rays have other proportions. But the differences of thofe 
proportions are fo little, that I do not here confider them. On 
thefe grounds I have compofed the following Table, wherein the 
Thicknefs of air, water, and glafs, at which each colour is moft 
intenfe and fpecific, is expreffed in parts of an inch divided into 
ten hundred thoufand equal parts. 



The 
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The thicknefs of coloured Plates and Panicles of 



Their Colours of the firtt Order, 



Of the fecond Older, 



Of the third Order, 

Of the fourth Order, 

Of the fifth Order, 
Of the fixth Order, 
Of the feventh Order, 



Air. Water. Glafs. 



f Very Black 


1 


f 


1 0 

7T 


Black 


I 


3 

-4 


10 

JT 


Beginning of Black 


2 


It 


J f 


Blue 


2 T 




lib 


1 White 


5* 


31 


3l 


Yellow 


7t 


Si 


4* 


Oi ange 


8 


6 


Sf 


I Red 


9 


H 


5* 


f Violet 


ir l 




7t 


Indigo 


'4 


9i 




Blue 


■4 


io< 


9 


Green 


*5t 


U J 


9f 


Yellow 


i6f 


14 


lOf 


Orange 


*7l 


*3 


i 


Bright Red 




»3* 






yy 


idi 


J 


* Purple 


2 I 


T f 3 




Indigo 


22t " 


IUy 


Mt 


Blue 


2 3t 






Green 


*5l 




16I 


Yellow 


*7f 




'7i 


Red 


2 9 


*li 


i8f 


I Blueilh Red 


32 




zo\ 


f" Blueilh Green 


*4 




22 


1 Green 


35* 


*H 


"i 


j Yellowiih Green 


36 


2 7 


2 3? 


I Red 


4°T 


30^ 


26 


f Greeniih Blue 


46 


3 + ' 




1 Red 


5*1- 


39i 


34 


J- Greeniih Blue 


sH 


44 


38 


I Red 


65 


484 


42 


f Greeniih Blue 


7» 


S3? 


4St 


1 Ruddy White 


77 


571 


49! 



and particles 
of Air, Wa- 
tery and Glafs. 



Now if this Table be compared with the 6th Scheme, you will 
there fee the conftitution of each colour, as to its ingredients, or 
the original colours of which it is compounded ; and thence be 
enabled to judge of its intenfenefs or imperfection; which may 
Office in explication of the 4th and 1 8th Obfervations, unlefs it 
b e farther defired to delineate the manner how the colours ap- 

( p ) Bright red 18'.] So the third edition. All the reft 18}. 

Vol. IV. u P ear > 
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pear, when the two object-glafles are laid upon one another. To 
do which, let there be defcribed a large arc of a circle, and a 
ftreight line which may touch that arc, and parallel to that tan- 
gent feveral occult lines, at Inch diftances from it, as the num- 
bers fet againft the feveral colours in the Table denote. For the 
arc, and its tangent, will reprefent the fuperficies of the glaffes 
terminating the interjacent air ; and the places where the occult 
lines cut the arc will fhow at what diftances from the center, or 
point of contadt, each colour is reflected. 

There are alfo other ufes of this Table : for by its affiftance 
the thicknefs of the bubble, in the 19th Obfervation, was deter- 
mined by the colours which it exhibited. And fo the bignefs of 
the parts of Natural Eodies may be conjectured by their colours, 
as mall be hereafter (hewn. Alfo if two or more very thin plates 
be laid upon one another, fo as to compofe one plate equalling 
them all in thicknefs, the refulting colour may be hereby deter- 
mined. For inftance, Mr. Hook obferved, as is mentioned in his 
Micrographia, that a faint yellow plate of Mufcovy glafs, laid up- 
on a blue one, conftituted a very deep Purple. The Yellow of 
the Firft order is a faint one, and the thicknefs of the plate ex- 
hibiting it, according to the Table, is 4} ; to which acid 9, the 
thicknefs exhibiting Blue of the Second order, and the fum will 
be 13}, which is the thicknefs exhibiting the Purple of the Third 
order. 

TWmuta- To explain, in the next place, the circumftances of the 2d 
cows 1 "" and 3<* Obfervations ; that is, how the riiigs of the colours may, 
by turning the prifms about their common axis the contrary way 
to that expreffed in thofe Obfervations, be converted into White 
and Black rings, and afterwards into rings of colours again, the 
colours of each ring lying now in an inverted order ; it muft be 
remembered, that thofe rings of colours are dilated by the obli- 
quation of the rays to the air which intercedes the glaffes ; and 
that according to the Table in the 7 th Obfervation, their dilata- 
tion, orincreafeof their diameter, is moll mamfeft and fpeedy 
when they are obliqueft. Now the rays of Yellow being more 
refraded by the firft fuperficies of the faid air than thofe of R-d, 
are thereby made more oblique to the fecond fuperficies, at which 

they 
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they are reflected to produce the coloured rings ; and confeq'uent -by motion of 
ly the Yellow circle in each ring will be more dilated than the the Prifms " 
lied ; and the excefs of its dilatation will be fo much the greater, 
by how much the greater is the obliquity of the rays, until at 
laft it become of equal extent with the Red of the fame ring. 
And for the fame reafon the Green, Blue and Violet, will be alfo 
fo much dilated by the ftill greater obliquity of their rays, as to 
become all very nearly of equal extent with the Red, that is, 
equally diftant from the center of the rings. And then all the 
colours of the fame ring muft be coincident, and by their mix- 
ture exhibit a White ring. And thefe White rings muft have 
Black and Dark rings between them, becaufe they do not fpread 
and interfere with one another as before. And for that reafon alfo 
they muft become diftincter and vifible to far greater numbers. 
But yet the Violet, being obliqueft, will be fomething more dilated 
in proportion to its extent than the other colours, and fo very apt 
to appear at the exterior verges of the White. 

Afterwards, by a greater obliquity of the rays, the Violet and 
Blue become more fenfibly dilated than the Red and Yellow; and 
fo being farther removed from the center of the rings, the co- 
lours muft emerge out of the White in an order contrary to that 
which they had before; the Violet and Blue at the exterior limbs 
of each ring, and the Red and Yellow at the interior. And the 
Violet, by reafon of the greateft obliquity of its rays, being in 
proportion moft of all expanded, will fooneft appear at the exte- 
rior limb of each White ring, and become more confpicuous than 
the reft. And the feveral fcries of colours belonging to the feve- 
ral rings, will, by their unfolding and fpreading, begin again to 
interfere, and thereby render the rings lefs diftinct, and not vi- 
fible to fo great numbers. 

If inftead of the prifms the obj eel -glaffes he made ufe of, the 
nngs, which they exhibit, become not white and diftincl by the 
Obliquity of the eye ; by reafon that the rays in their paflage 
through that air, which intercedes the glailes, are very nearly pa- 
rallel to thofe lines in which they were firft incident on the glatles; 
and coidcijuently the rays endued with feveral colours are not in- 

\j 2 clined 
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clined one more than another to that air, as it happens in the 
prifms. 

oftbeconfu- There is yet another circumftance of thefe experiments to be 
Bia^kVnd 8 confidered, and that is why the Black and White rings, which 
aldthec ffi when viewea at a diftance appear diftinct, fliould not only be- 
on their edges come confufed by viewing them near at hand, but alfo yield a 

produced by ... 

approaching Violet colour at both the edges or every White ring. And the 
the £ye. rea f on j S) t-^at; j-^g ra y S? w hich enter the eye at feveral parts of 
the pupil, have feveral obliquities to the glaffes ; and thofe which 
are molt oblique, if confidered apart, would reprefent the rings- 
bigger than thofe which are the leaft oblique. Whence the 
breadth of the perimeter of every White ring is expanded out- 
wards by the obliqueft rays, and inwards by the leaft oblique* 
And this expanfion is fo much the greater by how much the 
greater is the difference of the obliquity ; that is, by how much 
the pupil is wider, or the eye nearer to the glaffes. And the 
breadth of the Violet muft be moft expanded, becaufe the rays 
apt to excite a fenfation of that colour are moft oblique to a fe-' 
cond or farther fuperficies of the thinned air, at which they are 
reflected, and have alfo the greateft variation of obliquity ; which 
makes that colour fooneft emerge out of the edges of the White* 
And as the breadth of every ring is thus augmented, the dark 
intervals muft be diminifhed, until the neighbouring rings be- 
come contiguous, and are blended ; the exterior firft, and then 
thofe nearer the center; fo that they can no longer be diftinguifh- 
ed apart, but feem to conftitute an even and uniform Whitenefs.. 
The efltth of Among all the obfervations there is none accompanied with fo 
Ihl 4' ™dbf. od( 5 circumftances as the twenty-fourth. Of thofe the principal 
expiamed. are> that ; n thin p i ates> w hi c h to the naked eye feem of an even 
and uniform tranfparent Whitenefs, without any terminations of 
fliadows, the refraaion of a prifm mould make rings of colours, 
appear, whereas it ufually makes obje&s appear coloured only 
there, where they are terminated with fliadows, or have parts 
unequally luminous ; and that it mould make thofe rings exceed- 
ingly diftinct and White, although it ufually renders objects con- 
fufed and coloured. The caufe of thefe things you will under- 
ftand by confidering,. that all the rings of colours are really in 

the 
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the plate, when viewed with the naked eye ; although, by rea- 
fon of the great breadth of their circumferences, they fo much 
interfere and are blended together, that they feem to conftitute an 
uniform Whitenefs. But when the rays pafs through the prifm 
to the eye, the orbits of the feveral colours in every ring are re- 
fracted, fome more than others, according to their degrees of 
refrangibility : by which means the colours on one fide of the 
ring, that is in the circumference on one lide of its center, be- 
come more unfolded and dilated, and thofe on the other fide more 
complicated and contracted. And where by a due refraction they 
are fo much contracted, that the feveral rings become narrower 
than to interfere with one another, they muft appear diftinct, and 
alfo white, if the conftituent colours be fo much contracted as to 
be wholly coincident. But, on the other fide, where the orbit 
of every ring is made broader by the farther unfolding of its co- 
lours, it muft interfere more with other rings than before, and 
fo become lefs diftinct* 

To explain this a little farther, fuppofe the concentric circles 
av and bx [in fig. 7.] reprefent the Red and Violet of any order,, 
which, together with the intermediate colours, conftitute any one 
of thefe rings. Now thefe being viewed through a prifm, the 
Violet circle bx will, by a greater refraction, be farther tranflated 
from its place than the Red av, and fo approach nearer to it on 
that fide of the circles, towards which the refractions are made. 
For inftance, if the Red be tranflated to av, the Violet may be 
tranflated to &x, fo as to approach nearer to it at x than before 
and if the Red be farther tranflated to av, the Violet may be fo 
much farther tranflated, to bx, as to convene with it at x ; and if 
the Red be yet farther tranflated to «T, the Violet may be ftill fo. 
much farther tranflated, to as to pais beyond it at £, and con- 
vene with it at e and/. And this being underftood not only of 
the Red and Violet, but of all the other intermediate colour?, 
and alfo of every revolution of thofe colours, you will eafily per- 
ceive how thofe of the fame revolution or order, by their near- 
nefs at xv and Yj, and their coincidence at xv, e and /, ought to 
conftitute pretty diftinct arcs of circles, efpecially at xv, or at e 
lu ^/ : and. that they will appear feverally at x.v, and at xv ex- 
hibit 
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km is of hiiit Whitened by their coincidence ; and again appear feverally 
^Z^d. at °! t, but yet in a contrary order to that which they had before, 
and iiill retain beyond e and /. But, on the other fide, at ab, 
ab, or thefe colours muft become much more confufed, by 
being dilated and fpread, fo as to interfere with thofe of other 
orders. And the fame confufion will happen at Tir, between e 
and /, if the refraction be very great, or the prifm very diftant 
from the object-glaffes : in which cafe no parts of the rings will 
be feen, fave only two little arcs at e and f, whofe diftance from 
one another will be augmented by removing the prifm ftill farther 
from the object-glafTes : and thefe little arcs muft be diftinctelt 
and whiteft at their middle ; and at their ends, where they begin 
to grow confufed they muft be coloured. And the colours at one 
end of every arc muft be in a contrary order to thofe at the other 
end, by reafon that they crofs in the intermediate White ; name- 
ly, their ends, which verge towards Y£, will be Red and Yellow 
on that fide next the center, and Blue and Violet on the other 
fide. But their other ends, which verge from T|, will on the 
contrary be Blue and Violet on that fide towards the center, and 
on the other fide Red and Yellow. 

Now as all thefe things follow from the properties of light by 
a mathematical way of reafoning, fo the truth of them may be 
manifefted by Experiments. For in a dark room, by viewing 
thefe rings through a prifm, by reflexion of the feveral Prifma- 
tick Colours, which an affiftant carries to move to and fro upon 
a wall or paper, from whence they are refleded, whilft the fpec- 
tator's eye, the prifm and the object-glaffes (as in the 1 3th Ob- 
fervation) are placed Heady : the pofition of the circles, made 
fucceflively by the feveral colours, will be found fuch, in refpect; 
of one another, as 1 have defcribed in the figures abxv, or abxv, 
or 0 /S;T. And by the fame method the truth of the explications 
of other Observations may be examined. 
cSJL B " what hath 1;een the like phenomena of water, and 
%^. rs thhl plates of S lufs ma 7 be underftood. But in fmall fragments 
' r "* m "" of thofe plates, there is this farther obfervable ; that where they 
he flat upon a table, and are turned about their centers whilft 
they are viewed through a prifm, they will in fome poftures 

exhibit 
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exhibit waves of various colours, and fome of them exhibit thefe of Ghfs- 
waves in one or two positions only, but the molt of them do in £^7^ 
all pofitions exhibit them, and make them for the moft part ap- 1Vlfi,: * 
pear almoft all over the plates. The reafon is, that the iuper- 
ficies of fuch plates are not even, but have many cavities and 
fwellings, which how fhallow foever do a little vary the thick- 
nefs of the plate. For at the feveral fides of thofe cavities, for 
the reafons newly defcribed, there ought to be produced waves 
in feveral poftures of the prifm. Now though it be but fome 
very fmall and narrower parts of the glafs, by which thefe waves 
for the moft part are caufed, yet they may feem to extend them- 
felves over the whole glafs : becaufe from the narrower!: of thofe 
parts, there are colours of feveral orders, that is of feveral rings, 
confufedly reflected ; which, by refraction of the prifm, are un- 
folded, feparated, and according to their degrees of refraction, 
difperfed to feveral places, fo as to conftitute fo many feveral 
waves, as there were divers orders of colours promifcuoufly re- 
flected from that part of the glafs. 

Thefe are the principal phenomena of thin plates or bubbles, 
whofe explications depend on the properties of light, which I 
have heretofore delivered. And thefe you fee do necefiarily fol- 
low from them, and agree with them, even to their very leaft 
circumftances ; and not only fo, but do very much tend to their 
proof. Thus by the 24th Obfervation it appears, that the rays 
of feveral colours, made as well by thin plates or bubbles, as by 
refractions of a prifm, have feveral degrees of refrangibility ; 
whereby thofe of each order, which at the reflexion from the 
plate or bubble are intermixed with thofe of other orders, are fe- 
parated from them by refraction, and aflociated together fo as to 
become vifible by themfelves like arcs of circles. For if the rays 
were all alike refrangible, it is impoffible that the Whitenefs, 
which to the naked fenfe appears uniform, fhould, by refraction, 
have its parts tranfpofed and ranged into thofe Black and White 
arcs. 

K appears alfo that the unequal refraaions of difform rays^coionSc 
Proceed not from any contingent irregularities ; fuch as are veins, r ->s in. 
d « uneven polilh, or fortuitous pofition of the pores of glafs ; mut ,b: c . 

unequal 
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■: v;n:"nal and cafual motions in the air or sether; the fpreading, 
' breaking, or dividing the fame ray into many diverging parts, or 
the like. For, admitting any fuch irregularities, it would be 
impolTible for refraaions to render thofe rings lb very diftinc% 
and well defined, as they do in the 24th Obfervation. It is ne- 
ed fa rv therefore that every ray have its proper and conftant de- 
gree of refrangibility connate with it, according to which its re- 
fraction is ever juftly and regularly performed, and that feveral 
rays have feveral of thofe degrees. 

And what is (aid of their refrangibility may be alio under- 
wood of their reflexibility, that is of their difpolitions to be re- 
flected fome at a greater, and others at a lefs thicknefs, of thin 
plates or bubbles ; namely, that thofe difpolitions are alfo con- 
nate with the rays, and immutable ; as may appear by the 1 3th, 
14th and 15 th Obfervations compared with the 4th and 18th. 

By the precedent Obfervations it appears alfo, that Whitenefs 
is a diffimilar mixture of all colours, and that light is a mixture 
of rays endued with all thofe colours. For confidering the mul- 
titude of the rings of colours, in the 3d, 1 2th and 24th Obfer- 
vations, it is manifeft, that although in the 4th and 1 8th Obfer- 
vations there appear no more than eight or nine of thofe rings, 
yet there are really a far greater number, which fo much inter- 
fere and mingle with one another, as after thofe eight or nine re- 
volutions to dilute one another wholly, and constitute an even 
and fenfibly uniform Whitenefs. And confequently that White- 
nefs mutt be allowed a mixture of all colours, and the light, 
which conveys it to the eye, muft be a mixture of rays endued 
with all thofe colours. 

But farther, by the 24th Obfervation, it appears that there is 
a conftant relation between colours and refrangibility ; the moft 
refrangible rays being Violet, theleaft refrangible Red, and thofe 
ot intermediate colours having proportionably intermediate de- 
grees of refrangibility. And by the 1 3th, 14th and 1 5th Obfer- 
vations, compared with the 4 thor 18th, there appears to be the 
lame conftant relation between colour and reflexibility, the Violet 
being in like circumftances refteaed at leaft thickneffes of any 
thin plate or bubble, the Red at greateft thickneffes, and the in- 
1 termediatc 
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termediate colours at intermediate thickneffes. Whence it fol-fteRa^of 
lows, that the colorifick difpofitions of rays are alfo connate withjff -J^JJ 
them and immutable ; and by confequence that all the produc- ble * 
tions and appearances of colours in the world are derived not from 
any Phyfieal change caufed in light by refraaion or reflexion, but 
only from the various mixtures or feparations of rays, by virtue 
of their different refrangibility or reflexibility. And in this re- 
fpeft the fcience of colours becomes a fpeculation as truly mathe- 
matical, as any other part of Opticks. I mean fo far as they de- 
pend on the nature of light, and are not produced or altered by 
the power of imagination, or by ftriking or prefling the eye. 
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O/* Permanent Colours of Natural Bodies y the analogy be* 
tween tbem and the colours of thin tranfparent plates. 

T AM now come to another part of this defigri ; which is to con- 
lider how the phenomena of thin tranfparent plates ftand re- 
lated to thofe of all other Natural Bodies. Of thefe bodies I have 
already told you, that they appear of divers colours, according- 
ly as they are difpofed to reflect moft copioufly the rays originally 
endued with thofe colours. But their conftitutions, whereby 
they reflect fome rays more copioufly than others, remain to be 
difcovered, and thefe I fliall endeavour to manifeft in the follow- 
ing Propofitions. 

PROP. I. 

'thofe fuperficies of tranfparent bodies Refleclthe gr eat efl quantity of 
light, which have the greatejl Refracling Power ; that is, which 
intercede mediums that differ mojl in their Refra&ive Denfities. 
And in the confines of equally refracting mediums there is no re- 
flexion. 

be- The analogy between reflexion and refraction will appear by 
confidering, that when light paffeth obliquely out of one medi- 
um 
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um into another, which refracts from the perpendicular, the greater Reflexion and 
is the difference of their Refractive Denfity, the lefs obliquity of 
incidence is requinte to caufe a total reflexion. For as the fines 
are which meafure the refraction, fo is the fine of incidence at 
which the total reflexion begins, to the radius of the circle; and 
confequently that angle of incidence is leaft, where there is the 
greateft difference of the fines. Thus in the pafling of light out 
of water into air, where the refraction is meafured by the ratio 
of the fines 3 to 4, the total reflexion begins when the angle of 
incidence is about 48 degrees 35 minutes. In pafling out of glafs 
into air, where the refraction is meafured by the ratio of the fines 
20 to 3 r, the total reflexion begins when the angle of incidence 
is 40 degrees 10 minutes; and fo in pafling out of cryftal, or 
more flrongly refracting mediums into air, there is ftill a lefs 
obliquity requifite to caufe a total reflexion. Superficies there- 
fore which Refract moft do fooneft Refka all the light which is 
incident on them, and fo rauft be allowed moft ftrongly reflexive. 

But the truth of this Propofition will farther appear by obferv- 
ing, that in the fuperficies interceding two tranfparent mediums 
(fuch as are air, water, oil, common glafs, cryftal, metalline glafles, 
ifland glafles, white tranfparent arfenick, diamonds, 8cc.) the re- 
flexion is ftronger or weaker accordingly, as the fuperficies hath 
a greater or lefs Refracting power. For in the confine of air and 
fal-gem it is ftronger than in the confine of air and water ; and 
ftill ftronger in the confine of air and common glafs or cryftal ; 
and ftronger in the confine of air and a diamond. If any of thefe, 
and fuch like tranfparent folids, be immerged in water, its re- 
flexion becomes much weaker than before ; and ftill weaker, if 
they be immerged in the more ftrongly Refraaing liquors of well 
rectified oil of vitriol or fpirit of turpentine. If water be diftin- 
guifhed into two parts, by any imaginary furface, the reflexion 
in the confine of thofe two parts, is none at all. In the confine 
of water and ice it is very little ; in that of water and oil it is 
Something greater ; in that of water and fal-gem ftill greater ; 
and in that of water and glafs, or cryftal, or other denier fub- 
ftances ftill greater, accordingly as thofe mediums differ more or 
tefs in their Refraaing powers. Hence in the confine of com- 

X 2 mon 
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mon glafs and cryftal, there ought to be a weak reflexion ; and 
a ftronger reflexion in the confine of common and metalline 
glafs, though I have not yet tried this. But, in the, confine of 
two glaffes of equal denfity, there is not any fenfible reflexion, 
as was fhewn in the firft Obfervation. And the fame may be 
underftood of the fuperficies interceding two cryftal s» or two li- 
quors, or any other fubftances in which no refraction is caufed. 
So then the reafon why uniform pellucid mediums, fuch as wa- 
ter, glafs or cryftal, have no fenfible reflexion but in their exter- 
nal ftiperficies, where they are adjacent to other mediums of a 
different denfity, is becaufe all their contiguous parts have one and 
the fame degree of denfity. 

prop. ir. 

$be leajl parts of almqfl all Natural Bodies are in fome meafure 
tr an/parent: and the Opacity of tbofe bodies arifeth from the mul- 
titude of reflexions caufed in their internal parts. 

Caufeof That this is fo has been obferved by others, and will eafily be 
0i,acity granted by them that have been converfant with microfcopes. 

And it may be alio tried by applying any fubftance to a hole, 
through which fome light is immitted into a dark room. For 
how Opake foever that fubftance may feem in the open air, it 
will by that means appear very manifeftly tranfparent, if it be of 
a fufficient thinnefs. Only White Metalline bodies muft be ex- 
cepted, which, by reafon of their exceffive denfity, feem to re- 
flect almoft all the light incident on their firft fuperficies, unlefs 
by folution in menftruums they be reduced into very fmall parti- 
cles, and then they become tranfparent. 
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PROP. III. 

Between the parts of Opake and Coloured bodies are many fpaces, ei- 
ther empty, or replenijhed with mediums of other denfities ; as wa- 
ter between the tinging corpufcles wherewith any liquor is impreg- 
nated; air between the aqueous globules that conjiitute clouds or 
mi/is; and for the mojl part fpaces void of both air and water > 
but yet perhaps not wholly void of all fubftance^ between the parts 
of Hard Bodies, 

The truth of this is evinced by the two precedent Propositions : Poroufne 
for by the fecond Pro pofitioru there are many reflexions made by X of 
the internal parts of bodies, which, by the firft Propofition, 0paci,y * 
would not happen if the parts of thofe bodies were continued 
without any fuch interftices between them, becaufe reflexions are 
caufed only in fuperficies, which intercede mediums of a differ- * 
ing denfity by Prop. I. 

But farther, that this difcontinuity of parts is the' principal 
caufeof the Opacity of bodies, will appear by confidering, that 
Opake fubftances become Tranfparent, by filling their pores with 
any fubftance of equal, or almoft equal, denfity with their parts. 
Thus paper dipped in water or oil, the Oculus Mundi ftone fteeped 
in water, linen cloth oiled or varnifhed, and many other fub- 
ftances foaked in fuch liquors as will intimately pervade their little 
pores, become by that means more tranfparent than otherwife ; 
fo, on the contrary, the moft Tranfparent fubftances may, by 
evacuating their pores, or fcparating their parts, be rendered fuf- 
fidently Opake ; as falts or wet paper, or the Oculus Mundi ftone, 
by being dried; horn, by being fcniped; glafs, by being reduced to 
powder, or otherwife flawed ; turpentine, by being ftirred about 
with water till they mix imperfectly ; and water, by being formed 
mto many fmall bubbles, either alone in the form of froth, or 
by fliaking it together with oil of turpenhno\ or oil olive, or with 
fome other convenient liquor, with which it will not perietfly in- 
corporate. And to the increafe of the Opacity of thefe bodies 
"conduces fomething, that, by the 23d Obfervation, the reflexions 
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of very thin tranfparent fubftances are considerably ftronger than 
thofe made by the fame fubftances of a greater thicknefs. 

PROP. IV. 

the Parts of bodies and their interfaces mujl not be lefs than of fame 
definite bignefs, to render ibetn Opake and Coloured. 



Adefini-efize For the Opakeft bodies, if their parts be fubtilly divided (as 

of Paniclcand . N , 

i-orcrequifue metals by being diflolved m acid menftruums, &c.) become per- 
Cokrur. ltyand fedtly Tranfparent. And you may alfo remember, that in the 
eighth Obfervation there was no fenfible reflexion at the fuperfi- 
cies of the objecl-glafles, where they were very near one another, 
though they did not abfolutely touch. And in the 17th Obfer- 
vation the reflexion of the water- bubble where it became thinneft 
was almoft infenfible, fo as to caufe very Black fjpots to appear on 
the top of the bubble by the want of reflected light. 

On thefe grounds I perceive it is, that water, fait, glafs, ftones, 
and fuch like fubftances, are tranfparent. For, upon divers con- 
liderations, they feem to be as full of pores, or interftices be- 
tween their parts, as other bodies are ; but yet their parts and in- 
terftices to be too fmall to caufe reflexions in their common 
furfaces. 



PROP. V. 

the tranfparent Parts of bodies according to their feveral fizes re- 
fle£i rays of one colour, and tranfmit thofe of another, on the 
fame grounds that thin plates or bubbles do refiett or tranfmit thofe 
rays. And this I take to be the ground of all their colours. 

i Sfo'f For if a thi nned or plated body, which being of an even 
:rlmnf!nit ea ! hicknefs ' a PP ears a11 over of one uniform colour, mould be flit 
into threads, or broken into fragments, of the lame thicknefs 
with the plate ; I fee no reafon why every thread or fragment 
lhould not keep its colour, and by confequence why a heap of 
thofe threads or fragments lhould not conftitute a mafs or pow- 
der of the fame colour, which the plate exhibited before it was 
broken. And the parts of all Natural Bodies being like fo many 

fragments 
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fragments of a plate, muft on the fame grounds exhibit the fame *e fev tra i 

mlnnr? Colorific rays 

COIOUI b. according to 

Now that they do fo, will appear by the affinity of their pro- theil fizC3 ' 
perries. The finely coloured feathers of fome birds, and parti- 
cularly thofe of peacocks tails, do in the very fame part of the 
feather appear of feveral colours in feveral pofitions of the eye, 
after the very fame manner that thin plates were found to do in 
the 7th and 19th Obfervations, and therefore their colours arife 
from the thinnefs of the tranfparent parts of the feathers ; that 
is, from the flendernefs of the very fine hairs, or Capillamenta, 
which grow out of the fides of the grofler lateral branches or fi- 
bres of thofe feathers. And to the fame purpofe it is, that the 
webs of fome fpiders, by being fpun very fine, have appeared 
coloured, as fome have obferved, and that the coloured fibres of 
fome filks, by varying the pofition of the eye, do vary their co- 
lour. Alfo the colours of filks, cloths, and other fubftances, 
which water or oil can intimately penetrate, become more faint 
and obfeuxe by being immerged in thofe liquors, and recover their 
vigour again by being dried ; much after the manner declared of 
thin bodies in the 10th and 21ft Obfervations. Leaf-gold, fome 
forts of painted glafs, the infufion of Lignum Nepbriticum, and 
fome other fubftances reflect one colour, and tranfmit another, 
like thin bodies in the 9th and 20th Obfervations. And fome of 
thofe -coloured powders which painters ufe, may have their co- 
lours a little changed, by being very elaborately and finely ground. 
Where I fee not what can be juftly pretended for thofe changes, 
befides the breaking of their parts into lefs parts, by that contri- 
tion, after the fame manner that the colour of a thin plate is 
changed, by varying its thicknefs. For which reafon alfo it is 
that the coloured flo wers of plants and vegetables by being bruiied 
ufually become more tranfparent than before ; or at leaf!: in fome 
degree or other change their colours. Nor is it much lefs to my 
Purpofe, that by mixing divers liquors very odd and remarkable 
produdions and changes of colours may be eftedted ; of which no 
caufe can be more obvious and rational, than that the faline cor- 
pufcles of one liquor do varioufly acl: upon, or unite with, the 
tinging corpufcles of another, fo as to make them fwell or flirink ; 

whereby 
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whereby not only their bulk but their denfity alfo may be 
changed ; or to divide them into fmaller corpufcles, whereby a co- 
loured liquor may become tranfparent; or to make many of them 
affociate into one clufter, whereby two tranfparent liquors may 
compofe a coloured one. For we fee how apt thofe faline raen- 
ftruums are to penetrate and dhTolve fubftances to which they are 
applied, and fome of them to precipitate what others diflblve. 
In like manner, if we confider the various phaenomena of the 
atmofphere, we may obferve, that when varpours are firft raifed, 
they hinder not the tranfparency of the air, being divided into 
parts too fmall to caufe any reflexion in their fuperficies. But 
when in order to compofe drops of rain they begin to coalefce and 
conftitute globules of all intermediate fizes, thofe globules, when 
they become of a convenient fize to reflecT; fome colours and tranf- 
mit others, may conftitute clouds of various colours according to 
their fizes. And I fee not what can be rationally conceived in fo 
tranfparent a fubftance as water for the production of thefe co- 
lours, befides the various fizes of its fluid and globular parcels. 

PROP. VI. 

?be Parts of bodies on which their colours depend, are denfer than, 
the medium, which pervades their inter/Ikes. 

pat^Bo- This wiu appear-by confidering, that the colour of a body de- 
tt^J ends not onl ^ on the ra y § which ^ incident perpendicularly on 
tn : - de h thdr ltS but on thofe alfo which are incident at all other angles. 

Forls. est ur And that according to the 7 th Obfervation, a very little variation 
of Obliquity will change the refleaed colour, where the thin 
body, or fmall particle is rarer than the ambient medium; info- 
much that fuch a fmall particle is, at diverily oblique incidences, 
reflea of all forts of colours, in fo great a variety that the co- 
lour refulting from them all, confufedly refleaed from a heap 
of fuch particles, rauft rather be a White or Grey than any other 
colour, or at heft it mutt be but a very inperfea and dirty colour. 
Whereas if the thin body, or fmall particle, be much denfer than 
the ambient medium, the colours according to the 19th Obferva- 
tion are fo little changed by the variation of Obliquity, that the 
7 rays, 
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rays, which are refleaed leaft obliquely, may predominate over 
the reft, fo much as to caufe a heap of fuch particles to appear 
very intenfely of their colour. 

It conduces fomething alfo to the confirmation of this Propo- 
fition, that, according to the 2 2d Obfervation, the colours exhi- 
bited by the denfer thin body, within the rarer, are more brifk 
than thofe exhibited by the rarer within the denfer. 

PROP. VII. 

the Bigncfs of the component Parts of Natural bodies may be con- 
jectured by their colours. 

For fince the Parts of thefe bodies by Prop. v. do moft proba- The CoWs 
bly exhibit the fame colours with a plate of equal thicknefs, pro- dicace the 1 
vided they have the fame Refraaive Denfity; and fince their Parts ^Jf 1 
feem for the moft part to have much the fame denfity with water P articles> 
or glafs, as by many circumftances is obvious to collea ; to de- 
termine the fizes of thofe Parts, you need only have recourfe to 
the precedent Tables, in which the thicknefs of water or glafs 
exhibiting any colour is exprefled. Thus if it be defired to know 
the diameter of a corpufcle, which being of equal denfity with 
glafs, lhall reflea Green of the Third order ; the number 1 6£ 
mews it to be t^Ioo parts of an inch. 

The greateft difficulty is here to know of what Order the co- 
lour of any body is. And for this end we muft have recourfe to 
the 4th and 1 8th Obfervations, from whence may be colleaed 
thefe particulars. 

Scarlets, and other Reds, Oranges and Yellows, if they be pure 
and intenfe, are moft probably of the Second order. Thofe of 
the Firft and Third order alfo may be pretty good, only the Yel- 
low of the firft order is faint, and the Orange and Red of the 
Third order have a great mixture of Violet and Blue. 

There may be good Greens of the Fourth order, but the pureft 
are of the Third. And of this order the Green of all vegetables 
feem to be, partly by reafon of the intenfenefs of their colours, 
a nd partly becaufe when they wither, fome of them turn to a 
greenifti Yellow, and others to a more pei fea Yellow or Orange, 

Vol. IV. Y or 
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The Colours or perhaps to Red, palling flrft through all the aforefaid inter- 
bdicaie tS mediate colours. Which changes feem to be effected by the ex- 
haling of the moifture ; which may leave the tinging corpufdes 
more denfe, and fomething augmented by the accretion of the 
oily and earthy part of that moifture. Now the Green without 
doubt is of the fame order, with thofe colours into which it 
changcth ; becaufe the changes are gradual, and thofe colours, 
though ufually not very full, yet are often too full and lively to 
be of the Fourth order. 

Blues and Purples may be either of the Second or Third order, 
but the beft are of the Third. Thus the colour of Violets feems 
to be of that order, becaufe their fyrurj by Acid liquors turns 
Red, and by Urinous and Alcalizate turns Green. For iince it is 
of the nature of Acids to duTolve or attenuate, and of alcalies to' 
precipitate or incrafTate ; if the Purple colour of the fyrup was 
of the Second order, an Acid liquor, by attenuating its tinging 
corpufcles, would change it to a Red of the Firft order, and an 
alcali by incraffating them would change it to a Green of the 
fecond order ; which Red and Green, especially the Green, feem 
too imperfect to be the colours produced by thefe changes. But 
if the faid Purple be fuppofed of the Third order, its change to 
Red of the Second, and Green of the Third, may without any 
inconvenience be allowed. 

- If there be found any body of a deeper and lefs reddifh Pur- 
ple than that of the Violets, its colour molt probably is if the 
Second order. But yet there being no body, commonly known, 
whole colour is conftantly more deep than theirs; I have made 
ufe of their name to denote the deepeft and leaft reddiih Purples, 
luch as manifeftly tranfeend their colour in purity. 

The Blue of the Firft order, though very faint and little, may 
poffioly be the colour of fome fubftances ; and particularly the 
^zure colour of the flues feems to be of this order. For all va- 
pours when they begin to coadenfe and coalefce into fm all par- 
cels, become firft of that bignefs, whereby fuch an Azure muft 
be reflected before they can conftitute clouds of other colours. 

ft 'I It i i g ^ fll ' ft C ° l0llr Which f reflet, 

it ought to be the colour of the fineft and molt transparent ikies! 

in 
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in which vapours are not arrived to that groffiiefs requifite to re-thefize 5 
fleet other colours, as we find it is bv experience tbdr mn 

, , J * nentpnr 

IFbilenejSy if molt mtenfe and luminous, is that of the Firft 
order, if lefs ltrong and luminous a mixture of the colours of fe- 
veral orders. Of this laft kind is the whitenefs of froth, paper, 
linen, and moft white fubftances ; of the former I reckon that of 
white metals to be. For whilft the denfeft of metals, gold, if 
foliated, is tranfparent, and all metals become tranfparent, if 
diilblved in menftruums or vitrified ; the opacity of white metals 
arifeth not from their deniity alone. They being lefs denfe than 
gold would be more tranfparent than it, did not fome other caufe 
concur with their deniity to make them Opake. And this caufe 
I take to be fuch a bignefs of their particles, as fits them to reflect 
the White of the Firft order. For if they be of other thick- 
neffes, they may reflect other colours ; as is manifeft by the co- 
lours which appear upon hot fteel in tempering it, and Sometimes 
upon the furface of melted metals, in the ikin or fcoria which 
arifes upon them in their coaling. And as the White of the 
Firft order is the ftrongeft which can be made by plates of tranf- 
parent fubftances, fo it ought to be ftronger in the denfer fub* 
fiances of metals, than in the rarer of air, water, and glafs. Nor 
do I fee but that Metallic fubftances, of fuch a thicknefs as may fit 
them to reflect the White of the Firft order, may, by reafon of 
their great denfity, according to the tenonr of the firft of thefe 
Propofitions, reflect all the light incident upon them, and fo be 
as opake and fplendent as it is poflible for any body to be. Gold, 
or Copper mixed with lefs than half their weight of iilver, or 
tin, or regulus of antimony, in fufion, or amalgamed with a 
very little mercury, become white ; which Ihews both that the 
particles of white metals have much more iupcrficies, and fo are 
Imaller, than thofe of gold and copper, and alio that they are 
fo opake, as not to fuller the particles of gold or copper to mine 
through them. Now it is fcarce to be doubted, hut that the co- 
lours of gold and copper are of the Second and Third order; and 
therefore the particles of white metals cannot be much bigger, 
than is requiiite to make them reflect the White of the Firft or- 
der. The volatility of Mercury argues, that they are not much 

Y a bigger; 
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The colour: bigger ; nor may they be much lefs, left they lofe their Opacity ; 

ind£'r and become either transparent, as they do when attenuated by 
vitrification, or by folution in Menftnuims ; or Black, us they do 
when ground fmaller, by rubbing fllver, or tin, or lead, upon, 
other fubftances to draw Black lines. The firft and only colour 
which white metals take by grinding their particles fmaller, is 
Black ; and therefore their White ought to be that which borders 
upon the Black fpot in the center of the rings of colours, that is,, 
the White of the Firft order. But if you would hence gather 
the bignefs of Metallic particles, you muft allow for their denfi- 
tv. For were Mercury tranfparent, its denfity is fuch that the 
fine of incidence upon it (by my computation) would be to the 
line of its refraction, as 71 to 20, or 7 to 2. And therefore 
the thicknefs of its particles, that they may exhibit the fame co- 
lours with thofe of bubbles of water, ought to be lefs than the 
thicknefs of the fkin of thofe bubbles, in the proportion of 2 to- 
7. Whence it is poflible that the particles of Mercury may be 
as little as the particles of fome tranfparent and volatile fluids, and 
yet reflect the White of the Firft order. 

Laftly, for the production of Black, the corpufcles muft be 
lefs than any of thofe which exhibit colours. For at all greater 
lizes there is too much light reflected to conftitute this colour. 
But if they be fuppofed a little lefs than is requifite to reflect the 
White and very faint Blue of the Firft order, they will, accord- 
ing to the 4th, 8th, 17th and 18th Obfervations, reflect fo very 
little light as to appear intenfely Black ; and yet may perhaps va- 
rioufly refract it to and fro within themfelves fo long, until it 
happen to be ftifled and loft ; by which means they will appear 
Black, in all pofitions of the eye, without any tranfparency. 
And from hence may be underftood why fire, and the more fub- 
tle cUftoh er putrefaaion, by dividing the particles of fubftances, 
turn them to Black ; why fmall quantities of Black fubftances 
impart their colour very freely and intenfely to other fubftances, 
to which they are applied ; the minute particles of thefe, by rea- 
fon of their very great number, eafily overfpreading the grofs 
particles of ethers ; why glafs ground very elaborately with fand 
on a copper plate, till it be well poliftied, makes the fand, toge- 
1 ther 
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ther with what is worn off from the glafs and copper, become ti,e ikes of 
very Black: why Black fubftances do fooneft of all others be- 
come hot in the fun*s light and burn (which effect may proceed 
partly from the multitude of refractions in a little room, and 
partly from the eafy commotion of fo very fmall corpufcles) ; 
and why Blacks are ufually a little inclined to a blueifli colour : 
for that they are fo may be feen,, by illuminating white paper by 
light reflected from Black fubftances. For the paper will ufually 
appear of a blueifli White ; and the reafon is, that Black borders 
on the obfeure Blue of the Firft order defcribed in the 1 8th Ob- 
fervation, and therefore reflects more rays of that colour,, than.- 
of any other. 

In thefe defer iptions I have been the more particular, becaufe y™ 0 ? P ro - 

1 x bable un- 

it is not impolTible but that Microfcopes may at length be im- pvovenient of 

proved to the difcovery of the particles of bodies on which their " ll - ro " opps " 
colours depend,, if they are not already in fome meafure arrived 
to that degree of perfection. For if thofe inftruments are or can 
be fo far improved, as with fuffident diftinctnefs to reprefent ob- 
jects five or fix hundred times bigger, than at a foot diftance they 
appear to our naked eyes; I fliould hope that we might be able to- 
difcover fome of the greateft of thofe corpufcles. And by one; 
that would magnify three or four thoufand times, perhaps they 
might all be difcovered, but thofe which produce Blacknefs. hv 
the mean while I fee nothing material in this difcourfe that may 
rationally be doubted of, excepting this pofition :. That tranfpa-- 
rent corpufcles of the lame thicknefs and denfity 'with a plate, do> 
exhibit the fame colour. And this I would have underftood not 
without fbme latitude; as well becaufe thofe corpufcles may be- 
of irregular figures, and many rays muft be obliquely incident: 
on them, and fo have 2. Ihortcr way through them than the length 
of their diameters ; ■. >i z:\vdc the ftraitnefs of the medium, pent 
in on ;..;] H^cs within fuv.ii corpufcles, may a little alter its mo- 
tions, or other qualities, on which the reflexion depends, But 
y et 1 f-nnot much iufpt-ct the laft; becaufe I have obierval of 
ft'ine ■]■■) til pi :ltts () f Mufcovy-glafs, which were of an even 
thickn-fs, that through a microfcope they have appeared of the 
fee co' our at their edges and comers, where the included me- 
dium 
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dium was terminated, which they appeared of in other places. 
However it will add much to our iatisfaction, if thole corpufcles 
can be difcovered with microfcopes ; which, if we fhall at length 
attain to, I fear it will be the utmoft improvement of this fenfe. 
For it feems impoflible to fee the more fecret and noble works of 
Nature within the corpufcles, by reafon of their tranfparency, 

PROP. VIII. 

7'/j<? caufe of reflexion is not the impinging of light on the folid or 
impervious Parts of bodies, as is commonly believed. 

Tho iiapaa This will appear by the following confiderations. Firft, That 
the in the palfage of light out of glafs into air there is a reflexion as 

Cohd p:*rtides ftrong, as in its paffage out of air into glafs, or rather a little 
ftronger ; and by many degrees ftronger, than in its paffage out 
of glafs into water. , And it feems not probable, that air mould 
have more ftrongiy reflecting parts than water or glafs. But if 
that Ihould poffibly be fuppofed, yet it will avail nothing ; for 
the reflexion is as ftrong or ftronger when the air is drawn away 
from the. glafs, fuppofe in the air-pump invented by Otto Gueric 
and improved and made ufcful by Mr. BoyIe> as when it is adja- 
cent to it. Secondly, If light in its paffage out of glafs into air 
be incident more obliquely, than at an angle of 40 or 41 de- 
grees, it is wholly refle&ed ; if lefs obliquely, it is in great mea- 
fure tranfmitted. Now it is not to be imagined, that light, at one 
degree of obliquity, fhould meet with pores enough in the air to 
tranfmit the greater part of it ; and at another degree of Obli- 
quity, mould meet with nothing- but parts to refletf: it wholly ; 
efpecially confidering that in its paffage out of air into glafs, how 
oblique foever be its incidence, it finds pores enough in the glafs 
to tranfmit a great part of it. If any man fuppofe that it is not 
refle&ed by the air, but by the outmoft fuperficial parts of the 
glafs, there is ftill the fame difficulty : befides, that fuch a fup- 
pofition is unintelligible, and will alfo appear to be falfe by ap- 
plying water behind fome part of the glafs inltcad of air. For 
fo in a convenient obliquity of the rays, fuppofe of 45 or 46 
degrees, at which they arc all reflected where the air is adjacent 

to 
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to the glafs; they mail be in great meafure tranfmitted, where offc 
the water is adjacent to it : which argues, that their reflexion or* 
trnnfmiffion depends on the conftitution of the air and water be-"" 
hind the glafs, and not on the finking of the rays upon the parts 
of the glafs. Thirdly, If the colours made by a prifm, placed 
at the entrance of a beam of light into a darkened room, be fuc- 
ceffivelycaft on a fecond prifm placed at a greater diftance from 
the former, in fuch manner that they are all alike incident upon 
it; the fecond prifm may be fo inclined to the incident rays, that 
thofe which are of a Blue colour fhall be all refleaed by it, and 
yet thofe of a Red colour pretty copioufly tranfmitted. Now if 
the reflexion be can fed by the parts of air or glafs, I would afk, 
why, at the fame obliquity of incidence, the Blue Ihould wholly 
impinge on thofe parts fo as to be all refleaed, and yet the Red 
find pores enough to be in a great meafure tranfmitted. Fourth- 
ly, Where two glaffes touch one another, there is no fenfible re- 
flexion, as was declared in the firft Obfervation ; and yet I fee 
no reafon, why the rays Ihould not impinge on the parts of glafs 
as much when contiguous to other glafs, as when contiguous to 
air. Fifthly, When the top of a water-bubble, in the 1 7th Ob- 
fervation, by the continual fubfiding and exhaling of the water 
grew very thin, there was fuch a little and alrrjoft in fenfible quan- 
tity of light refleaed from it, that it appeared intenfely Black ; 
whereas round about that Black fpot, where the water was thicker, 
the reflexion was fo ftrong as to make the water fecm very White. 
Nor is it only at the leaft thicknds of thin plates or bubbles, that 
there is no manifeft reflexion, but at many other thickneflts con- 
tinually greater and greater. For in the 15th Observation the 
rays of the fame colour were by turns tranfmitted at one thick- 
nefs > and reflcded at another thicknefs, for an indeterminate 
number of fuccelUons. And vet in the fuperficies of the tinn- 
ed body, where it is of one thickuefr, there are as many parts 
„° r tJle ra ys t() impinge on, as w here it is of any other thicknefs. 
sixthly, If reflexion were caulcd by the parts of rcMeding bo- 
tlcs ' 11 would be impo'JIble for thin plates or bubbles at one and 
UQ fame Place to reHea the ravs of one colour, and tranfmit thofe 
0 another; as they do, .according to the 13th and 1 5 tli Obser- 
vations. 
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The impaa vatians. For it is not to be imagined, that at one place the rays, 
iHtL which for inftance exhibit a Blue colour, Ihould have the fortune 
.Sd%rticies t0 dafll upon t h e Parts, and thole which exhibit a Red to hit upon 
the Pores of the body ; and then at another place, where the 
body is either a little thicker, or a little thinner, that on the con- 
trary the Blue fhould hit upon its Pores, and the Red upon its 
Parts. Laftly, were the rays of light reflected by impinging on 
the folid parts of "bodies, their reflexions from polifhed bodies 
could not be fo regular as they are. For in polifhing glafs with 
fand, putty or tripoly, it is not to be imagined, that thofe fub- 
ftances can, by grating and fretting the glafs, bring all its leaft 
particles to an accurate polifti ; fo that all their furfaces mall be 
truly plain or truly fpherical, and look all the fame way, fo as 
together to compofe one even furface. The fmaller the particles 
of thofe fubftances are, the fmaller will be the fcratches, by 
which they continually fret and wear away the glafs until it be 
polifhed ; but, be they never fo fmall, they can wear away the 
_glafs no otherwife, than by grating and fcratching it, and break- 
ing the protuberances; and therefore poliih it no otherwife, than 
by bringing its roughnefs to a very fine grain, fo that the fcratches 
and frettings of the furface become too fmall to be vifible. And 
therefore if light were reflected by impinging upon the folid 
Parts of the glafs, it would be fcattered as much by the moft 
polifhed glafs as by the rougheft. So then it remains a Problem, 
how glafs, polifhed by fretting fubftances, can reflect light fo re- 
gularly as it does. And this Problem is fcarce otherwife to be 
folved, than by faying, that the reflexion of a ray is effected, not 
by a Angle point of the reflecting body, but by fome Power of 
the body which is evenly diffufed all over its furface, and by 
which it acts upon the ray without immediate contact. For that 
the Parts of bodies do act upon light at a diftance fhall be fliewn 
hereafter. 

Now if light be reflected not by impinging on the folid Parts 
of bodies, but by fome other principle ; it is probable that as 
many of its rays as impinge on the folid Parts of bodies are not 
reflected, but ftifled and loft in the bodies. For otherwife we 
muft allow two forts of reflexions. Should all the rays be re- 

fleaed 
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fle&ed which impinge on the internal parts of clear water or of bodies not 
cryftal, thofe fubftances would rather have a cloudy colour thanSdnSn. ot 
a clear tranfparency. To make bodies look Black, it is neceittary 
that many rays be flopped, retained and loft in them ; and it feems 
not probable, that any rays can be flopped and ftifled in them, 
which do not impinge on their Parts. 

And hence we may underftand that bodies are much more rare Ponwfrea of 

Bodies. 

and porous, than is commonly believed. Water is nineteen times 
lighter, and by confequence nineteen times rarer, than gold ; and 
gold is fo rare as very readily, and without the leaft oppofition, to 
trafifmit the Magnetic effluvia, and eafily to admit quick-filver 
into its pores, and to let "water pafs through it. For a concave 
fphere of gold filled with water, and fodered up, has, upon pref- 
iing the fphere with great force, let the water fqueeze through 
it, and ftand all over its outfide in multitudes of fmall drops, like 
dew, without burfting or cracking .the body of the gold ; as I 
have been informed by an eye-witnefs. From all which we may 
conclude, that gold has more pores than folid parts, and by con- 
fequence that water has above forty times more Pores than' Parts. 
And he that fhall find out an hypothefis, by which water may be 
fo rare, and yet not; be capable of compreffion by force; may 
doubtlefs, by thetfune hypothefis, make gold and water, and all 
other bodies, as much rarer as he pleafes, fo that light may find 
a ready paflage through tranfparent fubftances. 

The magnet acts upon iron through all denfe bodies not mag* 
netic nor red hot, without any diminution of its virtue; as for 
inftance through gold, filver, lead, glafs, water. The Gravitat- 
ing power of the fun is tranfmitted through the vaft bodies of 
the planets without any diminution ; lb as to act upon all their 
parts to their very centers, with the fame force, and according to 
the fame laws, as if the part, upon which it acts, were not fur- 
rounded with the body of the planet. The rays of light, whe- 
ther they be very fmall bodies projeaed, or only motion or force 
propagated, are moved in right lines ; and whenever a ray of light 
»s, by any obftacle, turned out of its rectilinear way, it will never 
return into the fame reailinear way, nnlefs perhaps by very great 
accident. And yet light is tranfmitted through pellucid folid bo- 

Vol, iv. z dies 
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Poroufneft ofdies in right lines to ver y great diftances. How bodies can have 
Eodi «- , a AifEcient quantity of pores for producing thefe eflfedts,. i8 very 
difficult to conceive ; but perhaps not altogether impoffible. For 
the colours of bodies arife from the magnitudes of the particles 
which reflect them, as was explained above. Now if we con- 
ceive thefe particles of bodies to be fo difpofed amongft them- 
felves, that the intervals, or empty fpaees between them, may 
be equal in magnitude to them all ; and that thefe particles may 
be compofed of other particles much fmaller, which have as 
much empty fpace between them as equals all the magnitudes of 
thefe fmaller particles ; and that in like manner thefe fmaller par- 
ticles are again compofed of others much fmaller, all which to- 
gether are equal to all the pores, or empty fpaees, between them; 
and fo on perpetually till you come to folid particles, fuch as have 
no pores, or empty fpaees within them : and if in any grofs 
body there be, forinftance, three fuch degrees of particles, the 
leaft of w hich are folid ; this body will have feven times more 
pores than folid parts. But if there be four fuch degrees of 
particles, the leaft of which are folid, the body will have fifteen 
times more pores than folid parts. If there be five degrees, the 
body will have one and thirty times more pores than folid parts. 
If fix degrees, the body will have fixty and three times more 
pores than folid parts. And fo on perpetually. And there are 
other ways of conceiving how bodies may be exceeding porous. 
But what is really their inward frame is not yet known to us* 

PROP. IX. 

Bodies Reflet and Refrafi light by one and the fame Tower varioufly 
exercifed in various circumjlances. 

SST* . This a PP ears h y feveral confederations. Firft, Becaufe when 
light goes out of glafs into air, as obliquely as it can poffibly do : 
if its incidence be made ftill more oblique, it becomes totally Re- 
fined. For the power of the glafs, after it has refraaed the 
light as obliquely as is poflible, if the incidence be ftill made 
more oblique, becomes too ftrong to let any of its rays go 
through, and by confequence caufes total reflexions. Secondly, 

Becaufe 
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Becaufe light is alternately refteaed and tranfinitted by thin plates various ^ 
of gMs for jaian^r fucceffions, accordingly as,the thicknefs of the° f onePower - 
plate Increafes in an arithmetical progreffion. For here the 
thicknefs of the glafs determines whether that power, by which 
glafs aas upon light, fhall caufe it to be refleaed, or fufferitto 
be tranfmitted. . And, Thirdly, Becaufe thofe furfaces of tranf- 
parent bodies, , which have the- greateft Refraaing power, reflea 
the greater!: quantity of Jigh.t, as was fhewed in the firft Pro- 
pofition. 

PR O P. X. 

If light be fmifier in bodies than in vacuo, in the proportion of the 
fines which meafure the refraclion of the bodies \ the forces of the 
bodies to refleSi and refraSl light , are very nearly proportional to 
the Denfities of tbefama 'bodies-, excepting that Uncluous and Sul- 
phureous bodies refract more than others of this fame denfity. 

Let ab reprefent the refraaing plane furface of any body, Revive 
and ic a ray incident very obliquely upon the body in c, fo that S« fwcf * 

the angle aci may be infinitely £°fx-nSy. a 
little; and let cr be the refraaed 
ray. From a given point, b, per- 
pendicular to the refraaing fur- 
face erea br, meeting with the 
refradted ray, cr, in r ; and if cr 
reprefent the motion of the re- 
fraaed ray, and this motion be 
diftinguifiied into two motions, cb and br; whereof cb is paral- 
lel to the refraaing plane, and br perpendicular to it : cb fhall 
reprefent the motion of the incident ray, and BRthe motion ge- 
nerated by the refraaion, as Opticians have of late explained. 

Now if any body or thing, in moving through any fpace of a 
given breadth terminated on both fides by two parallel planes, be 
Urged forward, in all parts of that fpace, by forces tending di- 
r e<% forwards towards the laft plane, and before its incidence 
°n the firft plane, had no motion towards it, or but an infinitely 
e one J and if the forces, in all parts of that fpace, between 

Z 2 the 
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R C fraaiv ea ndthe planes, be at equal diftances from the planes etjttal to one 
ire another ; but at feveral diftances he bigger wWBm'any given 
proportion : the motion generated by the forces, m the whole 
paflage of the body or thing through that tpace, ihall be in ar 
fobduplicate proportion of the forces, as Mathematicians will s ea- 
fily underftand <<1). And therefore if the fpixce of A&ivitf of 
the refracting fuperficies of the body he corlfidered as fuch a 
fpace, the motion of the ray generated by the Refracting force 
of the body, during its paflage through that fpace, that is the 
motion br, muft be in a fubduplicate proportion of that Refrac- 
ting force. I fay, therefore, that the fquareof the line br, and 
by confequence the Refracting force of the body, is very nearly as 
the Denfity of the fame body. For this will appear by the fol- 
lowing Table, wherein the proportion of the flnes which mea- 
fure the refractions of feveral bodies, the fquare of br, fup- 
pofing cb an unit, the deniities of the bodies eftimated by their 
fpecific Gravities, and their Refractive power in refpect of their 
Denfities, are fet down in feveral columns. 
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The refraction of the air, in thisTable, is determined by that 
of the atmofphere obferved by Aftronomers. For if light pais 
through many refrading fubltances or mediums, gradually denier 
and denfer, and terminated with parallel furfaces, the Aim of 
all the refraaions will be equal to the Angle refra&icn, which it 
would have fuffered in paffing immediately out of the firft me- 
dium into the laft. And this holds true, though the number of 
the refrading fubftances be increafed to infinity, and the diftances 
from one another as much decreafed ; fo that the light may be 
refra&ed in every point of its paflage, and, by continual refrac- 
tions, bent into a curve line. And therefore the whole retrac- 
tion of light, in pafiing through the atmofphere trom the high- 
eft and rareft part thereof down to the loweft and denfeft^part, 
muft be equal to the refradtion which it would luffer m paflin^. 
at like obliquity, out of a vacuum immediately into air, ot equal 
denfity with that in the loweft part of the atmofphere. 
4 
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• Now although a Pfeudo-topaz, a Selenitis, Rock Cryftal, Ifland, 
Cryftal, Vulgar Glafs (that is, fand melted together) and glafs of 
Antimony, which are terreftrial ftony alcalizate Concretes, and 
air, which probably arifes from fuch fubftances by fermentation, 
be fubftances very differing from one another in Denfity ; yet by 
this Table, they have their Refractive powers almoft in the fame 
proportion to one another as their Denfities are, excepting that 
th: refraction of that ft range fubftance Ifland Cryftal is a little 
bigger than the reft. And particularly air, which is 3500 times 
>rarer than the Pfeudo-Topaz, and 4400 times rarer than Glafs 
of Antimony, and 2000 times rarer than the Selenitis, Glais 
Vulgar, or Cryftal of the Rock, has, notwithftanding its rarity, 
the fame Refractive power in refpect of its Denfity, which tl c 
very denie fubftances have in refpect of theirs, excepting ic 
as thofe differ from one another. 

Again, 'the refraction of Camphire, Oil Olive, Linfeed Oil, 
Spirit of Turpentine and Ambar, which are fat fulphureous unc- 
tuous bodies, and a Diamond, which probably is an unctuous 
fubftance coagulated, have their Refractive Powers in proportion 
to one another as their Denfities, without any confiderable varia- 
tion. But the Refraaive Powers of thefe unctuous fubftances 
are two or three times greater, in refpect of their Denfities, than 
the Refractive Powers of the former fubftances in refpect of 
theirs. 

Water has a Refractive Power in a middle degree between 
thofe two forts of fubftances, and probably is of a middle nature. 
For out of it grow all Vegetable and Animal fubftances, which 
confift as well of fulphureous fat and inflammable parts, as of 
earthly lean and alcalizate ones. 

Salts and Vitriols have Refra&ive Powers in a middle degree 
between thofe of Earthly fubftances and water ; and accordingly 
are compofed of thofe two forts of fubftances. For by diftilla- 
tion and reaification of their fpirits a great part of them goes into 
water, and a great part remains behind in the form of a dry fixed 
earth, capable of vitrification. 

Spirit of Wine has a Refraaive Power in a middle degree be- 
tween thofe of Water and Oily fubftances; and accordingly feems 

to 



PARTlil. O 1? TIC 

to be compofed of both, united by fermentation ; the water, by various 
means of fome faline fpirits with which it is impregnated, difr fubflan> 
folving the oil* and volatizing it by the action. For Spirit of 
Wine is inflammable by means of its oily parts ; and being dif- 
tilled often from Salt of Tartar, grows by every diftillation more 
and more Aqueous and Phlegmatick. And Ghemifts obferve, 
that Vegetables (as Lavender, Rue, Marjoram, &c.) diftilled per 
fe, before fermentation yield oils without any burning fpirits ; 
but after fermentation, yield ardent fpirits without oils: which 
fliews, that their oil is by fermentation converted into fpirit. 
They find alfo, that if oils be poured in fmall quantity upon fer- 
mentating vegetables,, they diftil over, after fermentation in the 
form of i\>'-'- ' ; 

9o then, b> .u foregoing Table, all bodies feem to have theirv 
Refraaive Powers proportional to their Denfities, or very near- 
ly ; excepting fo far as they partake more or lefs of fulphureous* 
oily particles, and thereby have their Refraaive power made 
greater or. lefs. Whence it feems rational to attribute the Refrac- 
tive power of all bodies chiefly, if not wholly, to the fulphure- 
ous parts with which they abound. For it is probable that all bo- 
dies abound more or lefs with fulphurs. And as light, congre- 
gated by a burningrglafs,. aas moft upon fulphureous bodies, to 
turn them into fire and flame ; fo, fince all action is mutual,, 
fulphurs ought to aa moft. upon light. For that, the aaion be- 
tween light and bodies is mutual, may appear from this con fide- 
ration; that the denfeft bodies, which refraa and reflect light moft 
ftrongly, grow hotteft in the furamer-fun, by the aaion of the 
refracted or. refleaed light. 

I have hitherto explained the power of bodies to re flea and re- 
fraa;. and ihewed y that thin tranfparent plates, fibres and parti- 
cles do, according to their feveral thickneifes and dcnlitics,. re-- 
fled feveral forts of rays, and thereby appear of feveral colours ; 
and, by confequence, that nothing more is requUite for producing 
all the colours of Natural Bodies, than the feveral llzes and den- 
fities of their tranfparent particles. But whence it is that thefe 
P^tes, fibres and particles do, according to their feveral thick - 
nefies and denfities, reflea feveral forts' of rays, 1 have not yet 

explained*. 
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explained. To give fome infight into this matter, and make way 
for underftanding the next part of this Book, I fhall conclude this 
Part with afew'rnore Propofitions. Thofe, which preceded, re- 
ipeathe nature of bodies: thefe, the nature of light: for both 
muft be underftood, before the reafon of their actions upon one 
another can be known. And becaufe the laft Proportion de- 
pended upon the velocity of light, I will begin with a Propofi- 
tion of that kind. 

PRO P. XI. 

Light is propagated from luminous Bodies in time ; and fpends about 
Jeven or eight minutes of an hour in pajjing from the Sun to the 
Earth. 

Light propn- This was obferved flrft by Roemer, and then by others, by 
g ate d in «**- means of the ec iipfe S of the fatellites of Jupiter. For fheie 
eclipfes, when the earth is between the Sun and Jupiter, happen 
about feven or eight minutes fooner, than they ought to do by the 
Tables ; and when the Earth is beyond the Sun, they happen 
about feven or eight minutes later than they ought to do ; the 
reafon being, that the light of the fatellites has farther to go in 
the latter cafe, than in the former, by the diameter of the Earth's 
orbit. Some inequalities of time may arife from the excentrici- 
ties of the orbs of the fatellites ; but thofe cannot anfwer in all 
the fatellites, and at all times, to the pofition and diftance of the 
Earth from the Sun. The mean motions of Jupiter's fatellites is 
alfo fwifter in his defcent from his aphelmm to his perihelium, 
than in his afcent in the other half of his orb : but this ine- 
quality has no refpect to the pofition of the Earth, and in the 
three interior fatellites is infenfible; as I find by computation from 
the theory of their gravity. 
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PROP. XII. 

Every ray of Light, in its pajjage through any refraSiing furface, is 
put into a certain tranfient conjlitution or flat e% which, in the pro- 
grefs of the ray, returns at equal intervals', and difpofes the ray, 
at every return, to he cajily tranfmitted through the itext refraSiing 
furface, and, between the returns, to he eajily reflected by it. 

This is manifeft by the 5th, 9th, 1 2th and 1 5th Obfervations. F^of"^^- 
For by thofe Obfervations it appears, that one and the fame fort 
of rays, at equal angles of incidence on any thin tranfparent 
plate, is alternately reflected and tranfmitted for many fucceflions, 
accordingly as the Thicknefs of the plate increafes in arithmeti- 
cal progrefilon of the numbers, 6, 1, 2, 3, 4, 5, 6, 7, 8, &c. 
fo that if the Firft reflexion (that which makes the flrft or inner- 
moft of the rings of colours there defcribed) be made at the 
thicknefs 1, the rays mall be tranfmitted at the thickneffes o, 2, 
4, 6, 8, id, 1 2, 8cc. and thereby make the central fpot and rings 
of light, which appear by tranfmiffion ; and be reflected at the 
thicknefs 1, 3, 5, 7, 9, n, Sec. and thereby make the rings 
which appear by reflexion. And this alternate reflexion and 
tranfmiflion, as I gather by the 24th Obfervation, continues for 
above an hundred viciflitudes, and by the Obfervations in the next 
part of this Book, for many thoufands ; being propagated from 
one furface of a glafs -plate to the other, though the thicknefs of 
the plate be a quarter of an inch, or above ; fo that this alterna- 
tion lecms to be propagated from every refracting furface, to all 
(Mances, without end or limitation. 

This alternate reflexion and refraction depends on both the fur- 
ftc.es of every thin plate, becaufe it depends on their diftance. 
% the 2ifl Obfervation, if cither furface of a thin plate of Muf- 
tovy-ghfs be wetted, the colours caufed by the alternate reflexion 
and refraction grow faint, and therefore it depends on them both. 

his therefore performed at the fecond furface; for if it were 
performed at the flrft, before the rays arrive at the fecond, it 
M ' 0llld iwt depend on the fecond. 
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Fit 5 of It is alfo influenced by fome action or difpofition, propagated 

lYanimiiEon fn)m the firft tQ the f econcl . becaufe otherwife at the feCond it 
would not depend on the firft. And this action or difpofition, 
in its propagation, intermits and returns by equal intervals ; be- 
caufe in all its progrefs it inclines the ray, at one diftance from 
the firft furface, to be reflected- by the fecond ; at another, to 
be tranfmitted by it, and that by equal intervals for innumerable 
viciffitudes. And becaufe the ray is difpofed to reffexion at the 
diftances i, 3, 5, 7, 9, <kc. and to tranfmiflion at the diftances o, 
2, 4, 6, 8, 10, &c. (for its tranfmimon through the firft furface 
is at the diftance o, and it is tranfmitted through both together^ 
if their diftance be infinitely little or much lefs than 1) the dif- 
pofition to be tranfmitted at the diftances 2, 4,, 6, 8, 10, &c. is 
to be accounted a return of the fame diipofition which the ray 
firft had at the diftance o \ that is, at its tranfmiflion through the 
firft refracting furface. All which is the thing I would prove. 

What kind of action or difpofition this is ; whether it confifts, 
in a circulating or a vibrating motion of the ray, or of the me- 
dium, or fomething elfe, I do not here enquire. Thofe that are 
averfe from aflehting to any new difcoveries, but fuch as they 
can explain by an hypothefis,. may for the prefent fuppofe, that, 
as ftones, by falling upon water, put the water into an undu- 
lating motion, and all bodies by percufiion excite vibrations in 
the air ; fo the rays of light, by impinging on any refracting or 
reflecting furface, excite vibrations in the refrading or reflating 
medium or furftance, and by exciting them agitate the fofid parts 
of the ref rafting or reflecting body, and by agitating them caufe. 
the body to grow warm or hot ; that the vibrations, thus excited,, 
are propagated in the refraCting or reflecting medium or fub- 
ftance, much after the manner that vibrations are propagated in 
the air for earning found, and move fafter than the rays, fo as to 
overtake them ; and that when any ray is in that part of the vi- 
brat n which confpires with its motion, it eafily breaks through 
arei ftjng furface; but when it is in the contrary part of the 
vib , hich impedes its motion, it is eafily reflected ; and, 

by f ' r r e - lhat every ray is fuccetfivcly difpofed to be eafily 

rci: ' !v tranfmitted, by every vibration which over- 

takes 
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takes it. But whether this hypothefis be true or falfe, I do not and 
here confider. I content myfelf with the bare difcovery, that Reflexion * 
the rays of light are, by fome caufe or other, alternately difpofed 
to be reflected or refracted for many vicillitudes. 

DEFINITION. 

the returns of the dijpofttion of any Ray to be reflected T will call 
its Fits of eafy Reflexion ; and thofe of its difpofition to be tranf- 
mitted, its Fits of eafy Tranfmiflion ; and the f pace itpaffes be- 
tween every return and the next return, the Interval of its Fits. 

PROP. XIII. 

the reafon why the fur faces of all thick tranfparent bodies Refecl 
part of the light incident on them, and RefraB the refl, is, that 
fome rays, at theirjmcidence, are in Fits of eafy Reflexion, and 
others in Fits of eafy tranfmiffon. 

This may be gathered from the 24th Obfervation, where the 
light reflected by thin plates of air and glafs, which to the naked 
eye appeared evenly white all over the plate, did through a prifm 
appear waved with many fucceffions of light and darknefs, 
made by alternate fits of eafy Reflexion and eafy Tranfmiflion, 
the prifm fevering and diftinguifhing the waves of which the 
White reflected light was compofed, as was explained above. 

And hence light is in fits of eafy Reflexion and eafy Tranfmif- 
fion, before its incidence on tranfparent bodies. And probably 
lt is put into fuch fits at its firft cmiftion from luminous bodies, 
a "d continues in them during all its progrefs. For thefe fits are 
°f a lading nature, as will appear by the next part of this Book. 

In this Proportion I fuppofe the tranfparent bodies to be thick ; 
"ecaufe if the thicknefs of the body be much lefs than the in- 
terval of the fits of eafy Reflexion and Tranfmiflion of the rays, 
the body lofcth its reflecting power. For if the rays, which at 
their entering into the body are put into fits of eafy Tranfmif- 
hon, arrive at the farthelt furface of the body before they be 
°ut of th()fc fltSj thcy muft be tnin p mitrc(]t An a this is the rea- 

A a 2 foil 
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Fitsofw-fon why bubbles of water lofe their refleaing power when they 
Bliffion grow very thin, and why all Opake bodies, when reduced into 
very fmall parts, become tranfparent. 

PROP. XIV. 

*f be Surfaces of tranfparent bodies, which, if the ray he in a ft of 
RefraBion, do refraB it moji firongly ; // the ray be in a ft of 
Reflexion, do refleB it moft eafily* 

For we fliewed above in Prop, vin, that the caufe of Reflexion- 
is not the impinging of light on the folid impervious Parts of bo- 
dies, but fome other power, by which thofe folid Parts act on 
light at a diftance. We fhewed alfo in Prop. ix. that bodies re- 
flect and refract light by one and the fame power varioufly exer- 
cifed in various circumftances ; and in Prop. I. that the moft 
ftrongly refracting furfaces reflect the molt light : all which com- 
pared together evince and ratify both this and the laft Propofition. 

PROP. XV. 

In any one and the fame fort of rays, emerging in any angle out of 
any refraBing furface into one and the fame medium, the Inter- 
vals of the following fits of eafy Reflexion and l'ranfmijjton are, 
either accurately or very nearly, as the reBangle of the fecant of 
the angle of refraB ion, and of the fecant of another angle, 
whofefine is the fir ft of i 06 arithmetical mean proportionals be- 
tween the fines of incidence and refraclion, counted from the fine 
of refraclion. 

This is manifeft by the 7th and 19th Obfervations. 
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PROP. XVI. and 

In feveraljorts of rays, emergmgdn equal angles out of any refraB- 
ing furface into the fame medium, the intervals of the following 
fits of eafy Reflexion and eafy Tranfmiffion are, either accurately 
or very nearly, as the cube-roots of the fquares of the lengths of 
a chord, which found the notes of an eight, fol, la, fa, fol, la, 
mi, fa, fol, with all their intermediate degrees anfwering to the 
colours of thoje rays, according to the analogy defcribed in thefe- 
ventb Experiment of the fecond Part of the firfl Book. 

This is manifeft by the 13th. and 14th Obfervations,. 

PROP. XVII. 

f rays of any fort pafs perpendicularly into fever al mediums, the 
intervals of the fits of eafy Refraclion and Tranfmiffon in any 
one medium, are to thofe intervals in any other,- as the fine of 
incidence to the fine of refraBion, when the rays pafs out of the. 
firft of thofe two mediums into the fecond. 

This is-manifeft by the roth Obfervation. 

PROP. XVIII. 

Ilihe rays, which paint the colour in the confine of 'Yellow and Orange, 
pafs perpendicularly out of any medium into air, the intervals of 
their fits of eafy Reflexion are the j^th part cf an inch. And 
f{f the fame length are the intervals of their fits of eafy Yranf- 
miffion. 

This is manifeft by the 6th Obfervation. 
From thefe Propofitions it is eafy to collect the intervals of the 
frs^of eafy Reflexion and Tranimiffion c? any fort of rays, re- 
adied in any angle into any medium; and thence to know, whe- 
ther the rays lhall be reflected or transmitted, at iheir fubfequent 
lnaocilcc upon any other pelhicid mcdi-ra. Which thing, being 
^ ul * Gl ' underftanding the next part oi this Book, was here to 
e fet down. And for the fame reafon I add the two following 
Pl opofiti ons , 

PROP. 
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Firs of PROP. XIX. 

Traafiraffion r 

If any fort of rays, fatting on the polite fur j ace of any pellucid me- 
dium, be reflected back ; the Jits of eafy Reflexion, which they have 
at the point of reflexion, pall fill continue to return; and the re- 
turns fiall be at diflances from the point of reflexion in the arith- 
metical progreffton of the numbers i, 4, 6, 8, to, t.2, &c. and 
.between thefe fits the rays jhall be in fits of eafy Tranfmiffion. 

For fince the fits of eafy Reflexion and eafy Ti-anfmiflian -are 
of a returning nature, there is no reafon why thefe fits, which 
continued rtill the ray arrived at the reflecting medium, and there 
inclined the ray to reflexion, mould there ceafe. And if the ray, 
at the point of reflexion, was in a fit of eafy reflexion, the pro- 
greflion of the diftances of thefe fits from that point muft begin 
from o, and fo .he of the numbers ,0, 2, 4, 6, 8, &c. And 
therefore the progreffion of the diftances of the intermediate fits 
of eafy Tranfmiffion, reckoned from the fame point, muft be in 
the progreflion of the -odd numbers 1, 3, 5, 7, 9, &x. contrary 
to what happens, when the fits are propagated from points of re- 
.fraction. 

P R O P. XX. 

ftbe intervals of the fits of eafy Reflexion and eafy Tr a nfmiflion, pro- 
pagated from points of reflexion into any medium, are equal to 
the intervals of the like fits, which the fame rays would have, if 
refraBed into the fame medium in angles of rej ration equal to 
their angles of reflexion. 

Fer when light is refle&ed by the fecond furface of thin plates, 
it goes out .afterwards freely at the firft furface, to make the rings 
of colours which appear by reflexion ; and by tire freedom of its 
egrefs, makes the colours of thefe rings more vivid and ftrong, 
than thofe which appear on the other fide of the plates, by the 
tranfmitted Jight. The refle&ed rays are therefore in fits of eafy 
Tranfmiffion at their egrefs; which would not always happen, 
if the intervals of the fits within the plate, after reflexion, were 

not 
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not equal both in length and number to their intervals before it. and 
And this confirms alfo the proportions fet down in the former Reflexion - 
Proposition. For if the rays, both in going in and out at the firft 
furface, be in fits of eafy Tranfmiffion, and the intervals and num- 
bers of thofe fits between the firft and fecond furface, before and 
after reflexion, be equal; the diftances of the fits of. eafy Tranf- 
miffion from either furface muft be in the fame progreflion after 
reflexion as before ; that is, from the Firft furface which tranf- 
mitted them, in the progreflion of the Even numbers o, 2, 4, 
6, 8, 8cc: and from the Second which reflected them,, in that of 
the Odd numbers 1, 3, 5, 7 , & c . But thefe two Propositions 
will become much mora evident, by the Obfervations- in the fol* 
lowing part of this Book. 
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Obfervations concerning :the Reflexions and Colours of thick tranfpa- 
,rent poiifljed Plates. 

Sdout nand nP HERE is ™ glafs or fpeculum, how well foever poliflied, 
A but, befules -the light which it refracts or re fleets regular- 
ly, fcatters every way irregularly a faint light ; by means of which 
the poliflied fqrface, when illuminated in a dark room by a beam 
of the fun's light, may be eafily feen in all pofitions of the eye. 
There are certain phenomena of this fcattered light, which when 
I firft obferved them, feemed very ftrange and furprifing to me. 
My Obfervations were as follows. 

Obf. i. The fun mining into my darkened chamber, through 
a hole one-third of an inch wide, I let the intromitted beam of 
light fall perpendicularly upon a glafs-fpeculum, ground concave 
on one fide and convex on the other, to a fphere of five feet and 
eleven inches radius, and quick-filvered over on the convex fide. 
And holding a white opake chart or a quire of paper, at the 
center of the fpheres to which the fpeculum was ground, that is, 
at the diftance of about five feet and eleven inches from the fpe- 
culum, in fuch manner, that the beam of light might pals 
° through 
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through a little hole made in the middle of the chart to the fpe-rfttekmmf- 
culum, and thence be reflected back to the fame hole : I obferved 
upon the chart four or five concentric irifes, or rings of colours, 
like rainbows, encompafflng the hole ; much after the manner 
that thofe, which in the fourth and following Obfervations of the 
firft Part of the third ( r ) Book appeared between the objea- 
glaffes, encompaffed the Black fpot, but yet larger and fainter 
than thofe. Thefe rings, as they grew larger and larger, be- 
came diluter and fainter, fo that the fifth was fcarce vifible. Yet 
fometimes, when the fun Ihone very clear, there appeared faint 
lineaments of a fixth and feventh. If the diftance of the chart 
from the fpeculum was much greater or much lefs than that of 
fix feet, the rings became dilute and vanilhed. And if the dif- 
tance of the fpeculum from the window was much greater than 
that of fix feet, the refle&ed beam of light would be fo broad 
at the diftance of fix feet from the fpeculum, where the rings 
appeared, as to obfcure one or two of the innermoft rings. And 
therefore I ufually placed the fpeculum at about fix feet from the 
window ; fo that its focus might there fall in with the center of 
its concavity, at the rings upon the chart. And this pofture is 
always to be underftood in the following Obfervations where no 
other is exprefled. 

Obf. 2. The colours of thefe rainbows fucceeded one another 
from the center outwards, in the fame form and order, with 
thofe which were made in the ninth Obfervation of the firft Part 
of this Book by light not refleaed, but tranfmitted through the 
two objecl-glafles. For, firft, there was in their common center 
a White round fpot of faint light, fomething broader than the 
reflefted beam of light ; which beam fometimes fell upon the 
middle of the fpot, and fometimes, by a little inclination of the 
fpeculum, receded from the middle, and left the fpot white to 
the center. 

This White fpot was immediately encompaffed with a dark 
Grey or Ruffet, and that dark Grey with the colours of the firft 
ins ; which colours, on the infide next the dark Grey, w«re a 
little Violet and Indigo, and next to that a Blue, which on the 

(r) third.} Read M t&A* 
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ftcBotfonand outflde grew pale; and then fucceeded a little greenifh Yellow; 
and after that a brighter Yellow ; and then, on the outward edge 
of the iris, a Red, which on the outfide inclined to Purple. 

This iris was immediately encompafled with a fecond ; whofe 
colours were in order from the infide outwards, Purple, Blue, 
Green, Yellow, light Red, a Red mixed with Purple. 

Then immediately followed the colours of the third iris ; which 
here in order outwards a Green inclining to Purple, a good^Greea, 
and -a &ed more bright than that of the former iris. 

The- fourth and fifth iris feemed of a folueifli Green within, 
and Red without; but fb faintly that it was difficult to difcern the 
colours. 

Obf. 3* Mcafuring the diameters of thefe rings upon the chart, 
as accurately as I could, I found them alfo in the fame propor- 
tion to one another with the rings made by light transmitted 
through the two dbje£-glafs. For the diameters of the four firft 
of the bright rings, measured between the brighteft parts of their 
orbits, at the diftance of fix feet from the fpeculum, were i jf, 
sf> 2 tt> 3| inches ; whofe fquares are in arithmetical progrel&G'n 
of the numbers i, 2, 3, 4. If the White circular fpot in the 
middle be reckoned amongft the rings, and its central light, where 
it feems to be moft luminous, be put equipollent to an infinitely 
little ring ; the fquares of the diameters of the rings will be in 
the progreffion o, 1, 2, 3, 4, -& c . I meafured alfo the diameters 
of the dark circles between thefe luminous ones ; and found their 
fquares in the progreffion of the numbers "i, ii-, 2?, 31, &c. the 
diameters of the firft four, at the diftance 0/ fix feet from the 
. fpeculum, being jJ-, 2i l, 2 f, 4^ (*) inches. If the diftance of 
the chart from the fpeculum was ihcreafed or diminifheo*, the 
diameters of the circles were increafed or diminiflied propor- 
tionally. 

Obf. 4. By the analogy between thefe rings and thofe defcribed 
in the Obfervations of the firft Part of this Book, I fufpe&ed that 
there were many more of them which fpread into one another, 
and by interfering mixed their colours, and diluted one another 
fo that they could not be teen apart. I viewed them therefore 

C) 435- So.the third edition. All the refl 3^. 
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through a prifm, as I did thofe in the 24th Obfervation of the of thick tranf- 
firftPart of this Book.. And when the prifm was fo placed ^v*™^ 1 ™** 
by refracting the light of their mixed colours, to feparate them, 
and diftinguim the rings from one another, as it did thofe in that 
Obfervation; I could then fee them diftin&er than before, and 
eafily number eight or nine of them, and fometimes twelve or 
thirteen. , And had not their light been fo very faint, I queftion 
not but that I might have feen many more. 

Obf. 5. Placing a prifm at the window to refract the intromit- 
ted beam of light, and caft the oblong fpectrum of colours on 
the fpeculum : I covered the fpeculum with a black paper, which 
had in the middle of it a hole to let, any one of the colours pafs 
through to the fpeculum, whilft the reft were intercepted by the 
paper. And now I found rings of that colour only,j which fell 
upon the fpeculum.. If the fpeculum was illuminated with Red, 
the rings were totally Red with dark intervals ; if with Blue, 
they were totally Blue, and fo of the other colours. And when 
they were illuminated with any one colour, the fquares of their 
diameters, meafured between their moft luminous parts, were in 
the arithmetical progreffion of the numbers o, i, 2, 3.,. 4;, and 
the fquares of the diameters of their dark intervals, in the pra- 
greffion of the intermediate numbers |, 1^, ij, 3~. But if the 
colour was varied, they varied their magnitude. In the Red, they 
were largeft ; in the Indigo and Violet, leaft ; and in the interme- 
diate colours, Yellow, Green and Blue, they were of feveral in- 
termediate bignefTes anfwering to the colour ; that is, greater in 
Yellow than in Green, and greater in Green than in Blue. Ano 
hence I knew, that when the fpeculum was illuminated with'White 
light, the Red and Yellow, on the outfide of the rings, were 
produced by the leaft refrangible ra^s, and, the. Blue and Violet 
by the moft refrangible ; and that the colours of each ring fpread 
into the colours of the neighbouring rings on either fide, after the 
manner explained in the firft and fecond Part of this Book ; and s 
by mixing, diluted one another fo that they could not be diftinr 
guilhed; unlefs near the center, where they were leaft mixed. For 
in this Obfervation I could fee the rings more diftinctly, and to a 
greater number than before; being able in the Yellow ligbt to 

Bb 2 number 
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Reflcioaandnumbereightorniiieof them, befides a faint fhadow of a tenth. 

Colours To fatisfy myfelf how much the colours of the feveral rings 
fpread into one another, I meafured the diameters of the fecond 
and third rings ; and found them, when made by the confine of 
the Red and Orange, to be to the fame diameters, when made by 
the confine of Blue and Indigo, as 9 to 8, or thereabouts. For it 
was hard to determine this proportion accurately. Alfo the cir- 
cles made fucceffively by the Red, Yellow and Green, differed" 
more from one another than thofe made fucceffively by the Green, 
Blue and Indigo. For the circle made by the Violet was too dark 
to be feen. To carry on the computation, let us therefore fup- 
pofe, that the differences of the diameters of the circles made by 
the utmoft Red, the confine of Red and Orange, the confine of 
Orange and Yellow, the confine of Yellow and Green, the con- 
fine of Green and Blue, the confine of Blue and Indigo, the con- 
fine of Indigo and Violet, and outmoft Violet, are in proportion 
as the differences of the lengths of a monochord which found 
the tones in an eight ; fol, la, fa, fol, la, mi, fa, fol, that is, as the 
numbers 1, JL, -L, _l, 7 \, ^, JL. And if the diameter of the 
circle made by the confine of Red and Orange be 9A, and that of 
the circle made by the confine of Blxie and Indigo be 8 a, as above? 
their difference, 9A - 8 a, will be to the difference of the diame- 
ters of the circle made by the outmoft Red, and by the confine 
of Red and Orange as ^ + Jt + tV + it to {, that is as T \ to \, or 
8 to 3 \ and to the difference of the circles made by the outmoft 
Violet, and by the confine of Blue and Indigo as T \ + tV+tt . + 77. 
to JL + jl, that is, as ~ to T \, or as i<6 to 5 . And therefore thefe- 
differences w,ill be { a and T \ a . Add' the fi rft to 9 \, and fubduft 
thelaft from 8 a, and you will' have the diameters of the circles 
made by the leaft andmoft refrangible rays, 7 /a and -{■*■*. Thefe 
diameters are therefore to one another as 7 5 to 6 i-fj or 50 to 41 V 
and their fqujtres as 2500 to 1681, that is, as 3 to 2 very near 1 - 
ly. Which proportion differs not- much from the proportion of 
the diameters of the circles made by the outmoft Red and out* 
moft Violet, in the 1 3th Obfervation of the firft Part of this' Book. 

Obf. 6. Placing my eye where thefe rings appeared plaineft, I 
&w the fpeculum tinged all over with waves of colours (Red, Yelr 
3 lQW fc 
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low, Green, Blue); like thofe which, in the Obfervations of the of thick 
firft' Part of this Book, appeared between the objeft-glaffes and parem 
upon bubbles of water, but much larger. And after the man- 
ner of thofe, they were of various magnitudes in various pofi- 
tions of the eye ; fwelling and ihrinking as I moved my eye this 
way and that way. They were formed like arcs of concentrick 
circles, as thole were ; and when my eye was over againft the cen- 
ter of the concavity of the fpeculum (that is, 5 feet and 10 inches 
diftant from the fpeculum) their common center was in a right 
line with that center of concavity, and with the hole in the win- 
dow. But in other poftures of my eye their center had other 
pofitions. They appeared by the light of the clouds, propagated 
to the fpeculum through the hole in the window ; and when the 
fun fhone through that hole upon the fpeculum, his light upon, 
it was of the colour of the ring whereon it fell; but, by its fplen- 
dor, obfeured the rings made by the light of the clouds, unlefs 
when the fpeculum was removed to a great diftance from the win- 
dow, fo that his light upon it might be broad and faint. By va- 
rying the pofition of my eye, and moving it nearer to or farther 
from the dire& beam of the fun's light, the colour of the fun's 
refleaed light conftantly varied upon the fpeculum, as it. did upon, 
my eye; the fame colour always appearing to a by-ftander upon, 
my eye, which to me appeared upon the fpeculum. And thence 
I knew, that the rings of colours upon the chart were made by 
thefe refleaed colours, propagated thither from, the fpeculum in; 
feveral angles; and that their production depended not upon the: 
termination of light and fhadow. 

04/1.7-. By the analogy of all thefe phenomena with thofe ot 
the like rings of colours defcribed.in the firft Part of this Book; 
it feemed to me, that thefe colours were produced by this thick 
plate of glafs, much after the manner that thofe were produced 
by very thin plates, For, upon trial,, I found that if the quick- 
filver were rubbed off from the backfide of the fpeculum, the 
glafs alone would, caufe the fame rings of colours; but much more 
&int than before : and therefore the phoenomenon depends not 
wpon the quick-filver, unlefs fo far as the quick- filver, by in^ 
tKafin&the. reflexion of the backiide of the glafs>> » crBal %™' 
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Re«ex?o n and light of the rings of colours. I found alfo that a fpeculum of 
colours meta i without glafs, made fome years fince for optical ufes, and 
very well wrought, produced none of thofe rings ; and thence I 
underftood that thefe rings ariie not from one fpecular furf ace 
alone, but depend upon the two furfaces of the plate of glafs 
whereof the fpeculum was made, and upon the thicknefs of the 
£lafs between them. For, as in the 7th and 19th Obfervations 
of the firftPart of this Book, a thin plate of air, water or glafs, 
of an even thicknefs, appeared of one colour, when the rays 
were perpendicular to it; of another, when they were a little ob- 
lique; of another, when more oblique; of another, when ftill 
more oblique, and fo on : lb here, in the fixth Obfervation, the 
light, which emerged out of the glafs in feveral obliquities, made 
the glafs appear of feveral colours ; and being propagated in thofe 
obliquities to the chart, there painted rings of thofe colours. 
And as the reafon why a thin plate appeared of feveral colours in> 
feveral obliquities of the rays, was, that the rays of one and the 
fame fort are reflected by the thin plate at one obliquity, and 
tranfmitted at another; and thofe of other forts transmitted where 
thefe are reflected, and reflected where thefe are transmitted-:. 'fa 
the reafon why the thick plate of glafs, whereof the fpeculum 
was made, did appear of various colours in various obliquities, 
and in thofe obliquities propagated thofe colours to the chart,, was, 
that the rays of one and the fame fort did, at one obliquity* 
emerge out of the glafs; at another, did not emerge, but were 
reflected back towards the quick-filver by the hither furface of 
the glafs : and, accordingly as the obliquity became greater and 
greater, emerged and were reneded alternately for many fuc- 
ceflions ; and that in one and the fame obliquity the rays of one 
fort were reflected, and thofe of another tranfmitted. This is 
manifeft by the fifth Obfervation of this Part of this Book. For 
in that Obfervation, when trie fpeculum was illuminated by any 
one of the Prifmatick Colours, that light made many rings of 
the fame colour upon the chart with dark intervals ; and there- 
fore, at its emergence out of the fpeculum, was alternately tranf- 
mitted and not tranfmitted from the fpeculum to the chart for 
many fucceflions, according to the various obliquities of its emerg- 
ence. 
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ence. And when the colour caft on the fpeculum by the prifm 0 f thick t»nf- 
was varied, the rings became of the colour caft on it, and varied parent Plales * 
their bignefs with their colour ; and therefore the light was now 
alternately tranfmitted and not tranfmitted, from the fpeculum 
to the chart, at other obliquities than before. It feemed to me 
therefore, that thefe Tings were' -of one and the fame original 
with thofe of thin plates; hut yet with, this difference, that thofe 
of thin plates are made by 'the alternate c reflexions and tranfmif- 
iions of the rays at the fecond furface of trie plate, after one paf- 
fage through it ; but here, the rays go" twice through. the plate, be- 
fore they are alternately reflected and tranfmitted. Firlt, they go 
through it from the flrft furf ace to the quick- filVetr : ; : and then 
return through it from the quick*4ilver to the firft furface ; and 
there are -either tranfmitted to the chart, or reflected back to the 
quick-filver, accordingly as they are in their fits of eafy Reflexion, 
or Tranfmiflion, when they arrive at that furface. For the in- 
tervals of the fits of trie rays, which fall perpendicularly on the 
fpeculum and are reflected back in the fame perpendicular lines, 
by reafon of the equality of thefe angles and lines, are of the 
fame length and number within the glafs after reflexion, as be- 
fore; by the 19th Propofition of the third Part of this Book. 
And therefore, lince all the rays that enter through the firft fun- 
face are in their fits of eafy Trafmiflion at their entrance; and as 
many of thefe as are reflected by the fecond, are in their fits of 
eafy Reflexion there; all thefe muft be again in their fits of eafy 
Tranfmiflion at their return to the firft ; and by confequence there 
go out of the glafs to the chart, and form upon it the White fpot 
of light in the center of the rings. For the reafon holds good 
in all forts of rays, and therefore all . forts muft go out prdmifcu- 
oufly to that fpot, and by their mixture canfe it to be White.. But 
the intervals of the fits of thofe rays, which are reflected more 
obliquely than they enter, rriuft be greater after reflexion than 
before, by the 1 5th and 20th Proportions. And hence it may 
happen that the rays, at their return to the firft furface, may, in 
certain obliquities, be in fits of eafy Reflexion, and return back to. 
*he quick-filver ; and, in other intermediate obliquities, he agian4n 
fits of eafy Trafrruffion, and fo go out to the chart, and pahfttin 
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Reflexion and it the rings of colours about the White fpot. And becaufe the 
c * : ° u,s intervals of the fits, at equal obliquities, are greater and fewer in 
the lefs refrangible rays, and lefs and more numerous in the more 
refrangible; therefore the lefs refrangible, at equal obliquities, fhall 
make fewer rings than the more refrangible; and the rings made 
by thofe fliall be larger than the like number of rings made by 
thefe ; that is, the Red rings (hall be larger than the Yellow, the 
Yellow than the Green, the Green than the Blue,, and the Blue 
than the Violet; as they were really found to be in the fifth Ob- 
servation. And therefore the firft ring, of all colours encompaf- 
fing the White fpot of light, fliall be Red without any Violet 
within, and Yellow and Green and Blue in the middle, as it was 
found in the fecond Obfervation ; and thefe colours in the fecond 
ring, and thofe that follow, fliall be more expanded, till they 
fpread into one another, and blend one another by interfering. 

Thefe feem to be the reafons of thefe rings in general ; and 
:this put me upon obferving the Thicknefs of the giafs, and con- 
fidering whether the dimenlions and proportions of the rings may 
ibe truly derived from it by computation; 

Obf. 8. I meafured therefore the thicknefs of this concavo- 
convex plate of glafs, and found it every where £ of an inch pre- 
cifely. Now, by the fixth Obfervation of the firil Part of this 
Book, a thin plate of air tranfmits the brighteft light of the Firft 
ring, that is the bright Yellow, when its thicknefs is the ^th 
part of an inch ; and by the tenth Obfervation of the fame Part, 
a thin plate of glafs tranfmits the fame light of the fame ring, 
when its thicknefs is lefs in proportion of the fme of refraction 
to the fine of incidence; that is, when its thicknefs is the 15 ,y oo d tn 
or 1 3 7 ' 5 part of an inch, fuppofing the fines are as 1 1 to 1 7. 
And if this thicknefs be doubled, it tranfmits the fame bright 
light of the Second ring 4 if tripled, it tranfmits that of the 
Third, and io on ; the bright bellow light in all thefe cafes be- 
ing in its fits of Tranfeaiffion. Aed therefore if its thicknefs be 
multiplied 34386 times, fo as to become \ of an inch, it tranf- 
mits the fame bright light of the 34386th ring. Suppofe this 
be the bright Yellow light, tranfmitted perpendicularly from the 
reflecting convex fide of the glafs through the concave fide, to 

the 
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the White fpot in the center of the rings of colours on the chart : of 
and by a rule In the 7th and 19th Obfervations in the firft Part 1 *' 
of this Book, and by the 15th and 20th Propositions of the third 
Part of this Book, if the ravs be made oblique to the glafs, the 
thicknefs of the glafs requiilte to tnmimit the fame bright light 
of the fame ring, in any obliquity, is to this thicknefs of i of 
an inch, as the ibcant of a certain angle to the radius ; the line 
of which angle is the firft of an hundred and fix arithmetic;'! 
means between the lines of incidence and refraction, counted 
from the fine of incidence, when the refraction is made out of 
any plated bpdy into any medium encompafling it, that is, in this 
cafe, out of glafs into air. Now if the thicknefs of the glafs he, 
increafed by degrees, lb as to bear to its firft thicknefs (viz. that 
of a quarter of an inch) the proportions which 34386 (the num- 
ber of fits of the Perpendicular rays in going through the glals 
towards the White fpot in the center of the rings) hath to 34385, 
34384, 34383 and 34382 (the numbers of the fits of the Ob- 
lique rays in going through the glafs towards the firft, fecond, 
third and fourth rings of colours). And if the firft thicknefs be di- 
vided into 100000000 equal parts, the increafed thicknelfes will 
be 100002908, 100005816, 100008725 and 100011633 ; 
and the angles, of which thefe thicknefTes are fecants, will be 
26 ' 1 3 // > 37'5 /; > 45' 6 7 and 5 2' 26", the radius being 100000000; 
and the fines of thefe angles are 762, 1079, 1321 and 1525; 
and the proportional fines of refraction 117 2, 1659, 2031 and 
2 345j the radius being 100000. For fince the fines of inci- 
dence, out of glafs into air, are to the fines of refraction as 1 r 
t° 1 7 » and to the above-mentioned fecants, as 1 1 to the firft of 
106 arithmetical means between 11 and 17, that is, as 11 to 
Hj~- 0 ; thofe fecants will he to the fines of refraction, as u 7 ^to 
1 7> and by this analogy will give thefe lines. So then if the ob- 
liquities of the rays to the concave furface of the glafs be fuch, 
that the fines of their refraction, in pafling out of the glafs 
through that furface into the air, be 1172, 1659, 203T, 2345, 
the bright light of the 34386th ring fliall emerge at the thick- 
nefTes of the glafs which are to £ of an inch, as 34386 to 34385? 
H384, 34383, 34382, refpeaively. And therefore if the 
Vol. IV. G c ' thicknefs 
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Rcfl^onandthicknefs In all thefe cafes be -J of an inch (as it is in the glafs of 
Colouls which the fpeculum was made) the bright light of the 34385th- 
ring fhall emerge where the fine of refra&ion is 1 1 7 2 ; and that 
of the 34384th, 34383d and 343 8 2d ring, where the fine is 
1659, 2031 and 2345 reflectively. And in thefe angles of re- 
fra&ion- the light of thefe rings mall be propagated from the fpe- 
culum to the chart ; and there paint rings about the white central- 
round fpot of light, which we faid was the light of the 343 86th 
ring. And the ferai-diameters of thefe rings mail fubtend the 
angles of refraction made at the concave furface of the fpeculum; 
and by confequence their diameters mall be to the diftance of the 
chart from the fpeculum, as thofe lines of refraction doubled are 
to the radius; that is,, as 1172, 1659, 2031, and 2345, dou- 
bled, are to 100.000. And therefore if the diftance of the chart 
from the concave furface of the fpeculum be fix feet (as it was m 
the third of thefe Obfervations) the diameters of the rings of this 
bright Yellow light upon the chart mall be i'688, 2*389, 2'925,. 
3'375 inches. For thefe diameters are to lix feet, as the above- 
mentioned fines doubles are to the radius. Now thefe diameters- 
of the bright Yellow rings, thus found by computation, are the- 
very fame with thofe found in the third of thefe Obfervations by 
meafuring them, viz. with 1^ 2|, 2^, and 31 inches ; and 
therefore the theory of deriving thefe rings from the Thicknefs-- 
of the plate of glafs, of which the fpeculum was made, and from 
the obliquity of the emerging rays, agrees with the Obfervation.. 
In this computation I have equalled the diameters of the bright 
rings made by light of all colours,, to the diameters of the rings 
made by the bright Yellow. For this Yellow makes the brighteft 
part of the rings of all colours. If you defire the diameters of 
the rings made by the light of any other unmixed colour, you 
may find them readily, by putting them to the diameters of the 
bright Yellow ones in a fubduplicate proportion of the intervals 
of the fits of the rays of thofe colours, when equally inclined 
to the refracting or reflecting furface, which caufed thofe fits ; 
that is, by putting the diameters of the rings made by the rays 
in the extremities and limits of the feven colours, Red, Orange, 
Yellow, Green, Blue, Indigo, Violet, proportional to the cube- 
2 roots 
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roots of the numbers 1, j, {, i, J, 2, 1, w hi c h exprefs the«f.H<*.r i ., ! f- 
lengths of a monochord founding the notes in an eighth : for by Frcin 
this means the diameters of the rings of thefe colours will be 
found pretty nearly in the fame proportion to one another, which 
they ought to have by the fifth of thefe Obfervations. 

And thus I fatisfied myfelf that thefe rings were of the fame 
kind and original with thofe of thin plates ; and by confequence 
that the fits, or alternate difpofitions of the rays to be reflected 
and tranfmitted, are propagated to great diftances from every re- 
flecting and refracting furface. But yet to put the matter out of 
doubt, I added the following Obfervation. 

Obf. 9. If thefe rings thus depend on the Thicknefs of the 
plate of glafs, their diameters at equal diftances from feveral fpe- 
culums, made of fuch concavo-convex plates of glafs as are 
ground on the fame fphere, ought to be reciprocally in a fubdu- 
plicate proportion of the Thicknefies of the plates of glafs. And 
if this proportion be found true by experience, it will amount to 
a demonftration, that thefe rings, like thofe formed in thin plates, 
do depend on the Thicknefs of the glafs. I procured therefore 
another concavo-convex plate of glafs, ground on both fides to 
the fame fphere with the former plate, Its thicknefs was £ parts 
of an inch ; and the diameters of the three firft bright rings, 
meafured between the brighteft parts of their orbits at the dif- 
tance of fix feet from the glafs, were 3. 41. 51. inches. Now 
the thicknefs of the other glafs, being \ of an inch, was to the 
thicknefs of this glafs as \ to that is, as 31 to 10, or 
310000000 to 100000000; and the roots of thefe numbers 
are 17607 and 10000; and in the proportion of the firft of thefe 
roots to the fecond, are the diameters of the bright rings made 
in this Obfervation by the thinner glafs, 3. 4I. 5{, to the diame- 
ters of the fame rings made in the third of thefe Obfervations by 
the thicker glafs, ifi. i\. 2~; that is, the diameters of the rings 
are reciprocally in a fubduplicate proportion of the Thickuefles 
°f the plates of glafs. 

So then in plates of glafs which are alike concave on one fide, 
and alike convex on the other fide, and alike quick-filvered on 
the convex fides, and differ in nothing but their Thicknefs ; the 

C c 2 diameters 
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n***..™] diameters of the rings are reciprocally in a fubduplicate propor- 
Coiours tion of the Thickneffes of the plates. And this fhews fuffici- 
ently, that the rings depend on both the furfaces of the glafs. 
They depend on the Convex furface, becaufe they are more lu- 
minous when that furface is quick-filvered over, than when it is 
without quick-filver. They depend alfo upon the Concave fur- 
face, becaufe without that furface a fpeculum makes them not. 
They depend on both furfaces, and on the diftances between 
them, becaufe their bignefs is varied by varying only that dif- 
tance. And this dependence is of the fame kind with that, which 
the colours of thin plates have on the diftance of the furfaces of 
thofe plates, becaufe the bignefs of the rings, and their propor- 
tion to one another, and the variation of their bignefs arifing 
from the variation of the Thicknefs of the glafs, and the Orders 
«f their colours, is fuch as ought to refult from the Propofitions 
in the end of the third Part of this Book, derived from the phe- 
nomena of the colours of thin plates fet down in the firft Part. 

There are yet other phaenomena of thefe rings of colours, 
but fuch as follow from the fame Propofitions, and therefore con- 
firm both the truth of thofe Propofitions, and the analogy be- 
tween thefe rings and the rings of colours made by very thin 
plates. I lhall fubjoin fome of them. 

Obf. 10. When the beam of the fun's light was reflected back, 
from the fpeculum not directly to the hole in the window, but 
to a place a little diftant from it, the common center of that fpot, 
and of all the rings of colour: fell in the middle way between 
the beam of the Incident light, and the beam of the R.ef!e£ted 
light: and by confeqnence in the center of the fpherical concavity 
of the fpeculum ; whenever the chart, on which the rings of co- 
lours fell, was placed at that center. And as the beam of Re- 
flected light, by inclining the fpeculum, receded more and more 
from the beam of Incident light, and from the common center 
of the coloured rings between them; thofe rings grew bigger and 
bigger, and fo alfo did the White round fpot; and new rings of 
colours emerged fuccemvely out of their common center, and the 
white fpot became a white ring encompafling them ; and the In- 
cident and Refleded beams of light always fell upon the oppo- 

fite 
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fite oarts of this white ring;, illuminating its perimeter like two ofthi <* trai >f- 
mock funs in the oppolite parts or an iris. So then the diame- 
ter of this ring, meafured from the middle of its light on one 
lide to the middle of its light on the other fide, was always equal 
to the diftance between the middle of the Incident beam of light, 
and the middle of the Reflected beam, meafured at the chart on 
which the rings appeared : and the rays, which formed this ring,, 
were reflected by the fpeculum in angles equal to their angles of 
incidence, and by confequenee to their angles of refraction at 
their entrance into the glafs; but yet their angles of reflexion 
were not in the fame planes with their angles of incidence. 

Obf 1 1. The colours of the new rings w r ere in a contrary or- 
der to thofe of the former, and arofe after this manner. The 
white round fpot of light in the middle of the rings continued 
white to the center, till the diftance of the incident and reflected 
beams at the chart was about 1 parts of an inch, and then it be- 
gan to grow dark in the middle. And when that diftance was 
about i-i of an inch, the white fpot was become a ring, encom- 
pafling a dark round fpot, which in the middle inclined to Violet 
and Indigo- And the luminous rings encompafling it were grown 
equal to thofe dark ones, which in the four firft Obfervations en— 
eompafled them; that is to fay, the white fpot was grown a white, 
ring equal to the firft of thofe dark rings ; and the firft of thofe 
luminous rings was now grown equal to the fecond of thofe dark- 
ones, and the fecond of thofe luminous ones to the third of thofe 
dark ones, and fo on. For the diameters of the luminous rings 
were now 2-,'-., 3^ &c. inches. 

When the diftance between the incident and reflected beams of 
light became a little bigger, there emerged out of the middle of 
the dark fpot,. after the Indigo, a Blue ; and then out of that Blue, 
a pale Green ; and foon after a Yellow and Red. And when the 
colour at the center was brighteft, being between Yellow and 
Red, the bright rings were grown equal to thofe rings which in 
the four firft Obfervations next encompafled them ; that is to 
^y, the white fpot in the middle of thofe rings was now become 
a white ring equal to the firft of thofe bright rings ; and the firft 
of thofe bright ones was now come equal, to the fecond of thole,, 

and . 
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><:and fo on. For -the diameters of the white ring, and of the 
other luminous rings encompaffing it, were now 2-J-, 244, 3-f, 
-.&c. or thereabouts. 

When the diftance of the two beams of light at the chart 
was a little more increafed, there emerged out of the middle in 
.order after the Red, a Purple, a Blue, a Green, a Yellow, and a 
Red inclining much to Purple; and when the colour was bright- 
er, being between Yellow and Red, the former Indigo, Blue, 
•Green, Yellow and Red, were become an iris, or ring of colours, 
•equal to the firft of thofe luminous rings which appeared in the 
four firft Obfervations ; and the White ring, which was now be- 
come the fecond of the luminous rings, was grown equal to the 
fecond of thofe ; and the firft of thofe, which was now become 
the third ring, was become equal to the third of thofe; and fo 
.on. For their diameters were 2}, 2~, 3{ inches, th« dif- 
tance of the two beams of light, and the diameter of the white 
ring being 2| inches. 

When thefe two beams became more diftant, there emerged 
out of the middle of the purplifli Red, firft a darker round fpot; 
and then, out of the middle of that fpot, a brighter. And now 
-the former colours (Purple, Blue, Green, Yellow, and purplifli 
Red) w^ere become a ring equal to the firft: of the bright rings 
mentioned in the four firft Obfervations ; and the rings about 
This ring were grown equal to the rings about That refpe&ively ; 
the diftance between the two beams of light and the diameter of 
the white ring, which was now become the third ring, being about 
3 inches. 

The colours of the ringsin the middle began now to grow very 
dilute, and if the diftance between the two beams was increafed 
half an inch or an inch more, they vanifhed ; whilft the White 
•ring, with one or two of the rings next it 011 either fide, conti- 
nued ftill vifible. But if the diftance of the two beams of light 
was ftill more increafed, thefe alfo vanifhed : for the light which, 
coming from feveral parts of the hole in the window, fell upon 
£he fpeculum in feveral angles of incidence, made rings of feve- 
: ral bigneues, w hich diluted and blotted out one another, as I 
knew by intercepting fome part of that light. For if I inter- 
cepted 
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cepted that part which was neareft to the axis of the fpeculum, -of thick tranf- 
the rings would be lefs ; if the other part, which was remoteft parent Ilatcs * 
from it, they would be bigger. 

Qbf.11. When the colours of the prifm were caftfucce (lively' 
on the fpeculum, that ring, w r hich in the tw^o laft Obfervations- 
was White, was of the fame bignefs in all the colours ; but the 
rings without it were greater in the Green than in the Blue, and 
ftill greater in the Yellow, and greateft in the Red. And, on 
the contrary, the rings within that White circle were lefs in the 
Green than in the Blue, and ftill lefs in the Yellow, and leaft in» 
the Red. For the angles of reflexion of thofe rays which made 
this ring, being equal to their angles of incidence, the fits of. 
every reflected ray, within the glafs after reflexion, are equal in, 
length and number to their fits of the fame ray, within the glafs 
before its incidence on the reflecting, furface. And therefore 
fmce all the rays of all forts, at their entrance into the glafs, 
were in a. fit of Tranfmiflion, they were alfo in a fit of Tranf- 
miflion at their returning to the fame furface after reflexion ; and- 
by confequence were tranfmitted, and went out to the White ring 
on the chart. This is the reafon why that ring was of the fame 
bignefs in all the colours, and why in a mixture of all it appears , 
White. But in rays which are reflected in other angles,, the in- 
terval of the fits of the leaft refrangible, being greateft, make 
the rings of their colour, in their progrefs from this White ring , 
either outwards or inwards, increafe or decreafe by the greateft 
fteps ; fo that the rings of this colour without are greateft, and. 
Within leaft. And this is the reafon why, in the laft Obferva-- 
tion, when the fpeculum was illuminated with White light, the. 
Exterior rings, made by all colours,. appeared Red without and Blue, 
within ; and the interior, Blue w ithout and Red -within. 

Thefe are the phaenornena of thick convexo-concave plates of 
glafs, which are every where of the fame thicknefs. There are; 
7«t other phaenornena, when thefe plates are a little thicker 011- 
°ne fide than on the other ; and .others when the plates are more 
Qr lefs concave than- convex, or plano-convex, or double-convex. . 
F °rin all thefe cafes the plates make rings of colours, but after, 
various manners ; all which, fo f ar as I have yet obferved, fol- 
low- 
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Reflew and low from the Propofitions in the end of the third Part of this 
Co '° urs Book, and fo confpire to confirm the truth of thofe Propofitions. 

But the phenomena are too various, and the calculations, where- 
by they follow from thofe Propofitions, too intricate to be here 
profecuted. I content myfelf with having profecuted this kind 
of phenomena fo far as to difcover their caufe, and by difcover- 
ing it, to ratify the Propofitions in the third Part of this Book. 

^Obf. 13. As light reflected by a lens, quick-Ill vered on the 
backfide, makes the rings of colours above defcribed, fo it ought 
to make the like rings of colours in palling through a drop of 
water. At the firft reflexion of the rays within the drop, fome 
colours ought to be tranfmitted, as in the cafe of a lens, and 
others to be reflected back to the eye. For inftance, if the dia- 
meter of a fm all drop or globule of water be about the 500th 
part of an inch, fo that a Red-making ray, in pafling through 
the middle of this globule, has 250 fits of eafy Tranfmiflion 
within the globule, and that all the Red-making rays, which are 
at a certain diftance from this middle ray round about it, have 
249 fits within the globule, and all the like rays, at a certain 
farther diftance round about it, have 248 fits, and all thofe at a 
certain farther diftance 247 fits, and fo on ; thefe concentrick 
circles of rays, after their tranfmiflion, falling on a white paper, 
will make concentrick rings of Red upon the paper, fuppofing 
the light which pafles through one fingle globule, ftrong enough 
to be fenfible. And, in like manner, the rays of other colours 
will make rings of other colours. Suppofe now that in a fair 
day the fun mines through a thin cloud of fuch globules of wa- 
ter or hail, and that the globules are all of the fame bignefs ; 
and the fun, feen through this cloud, fhall appear encompaffed 
with the like concentrick rings of colours ; and the diameter of 
the firft ring of Red fhall be j\ degrees; that of the fecond, 10J 
degrees ; that of the third, 1 2 degrees 33 minutes. And accord- 
ingly a> the globules of water are bigger or lefs, the rings fhall 
he lcis or bigger. This is the Theory, and experience anfwers 
it. For in June 1692 I Aiw by reflexion, in a veffel of ft ag- 
isting water, three halos, crowns, or rings of colours about the 
fu;i, like three little rain-bows, concentrick to his body. The 

colours 
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colours of the Firft or innermoft crown were Blue next the Sun, Halos 
Red without, and White in the middle between the Blue and Red. s™ 8 
Thofe of the Second crown were Purple and Blue within, and Moon ' 
pale Red without, and Green in the middle. And thofe of the 
Third were pale Blue within, and pale Red without. Thefe 
crowns enclofed one another immediately, fo that their colours 
proceeded in this continual order from the fun outward : Blue, 
White, Red ; Purple, Blue, Green ; pale Yellow and Red; pale 
Blue, pale Red. The diameter of the Second crown, meafured 
from the middle of the Yellow and Red on one fide of the Sun to 
the middle of the fame colour on the other fide, was 9} degrees, 
or thereabouts. The diameters of the Firft and Third I had not 
time to meafure ; but that of the Firft feemed to be about five or 
fix degrees, and that of the Third about twelve. The like crowns 
appear fometimes about the moon : for in the beginning of the 
year 1 664, Feb. 1 9th at night, I faw two fuch crowns about her. 
The diameter of the Firft, or innermoft, was about three de- 
grees, and that of the Second about five degrees and an half. 
Next about the moon was a circle of White, and next about that 
the inner crown; which was of a Blueiih Green within next the 
White, and of a Yellow and Red without : and next about thefe 
colours were Blue and Green on the infide of the outward crown, 
and Red on the outfide of it. At the fame time there appeared 
a halo about 22 degrees 35' diftant from the center of the moon. 
It was Elliptical, and its long diameter was perpendicular to the 
horizon, verging below fartheft from the moon. I am told that 
the moon has fometimes three or more concentrick crowns of co- 
lours, encompafling one another, next about her body. The more 
equal the globules of water or ice are to one another, the more 
crowns of colours will appear, and the colours will be the more 
lively. The halo, at the diftance of 2 2 \ degrees from the moon, 
is of another fort. By its being Oval and remoter from the 
moon below than above, I conclude, that it was made by refrac- 
tion, in fome fort of hail or fnow floating in the air in an hori- 
zontal pofture; the Refracting angle being about 58 or 60 de- 
grees. 
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Observations concerning the Inflexions of the Rays of Light, and 
the Colours made thereby. 

lotion QRIMJLDO has informed us, that if a beam of the fun's 
light be let into a dark room through a vcrv fmall hole, the 
fhadows ot things, in this light, will be larger than they ou-ht to 
be, it the rays went on by the bodies in ftrait lines; and that 
thefe fliadows have three parallel fringes, bands or ranks, of co- 
loured light adjacent to them. But if the hole be enlarged, the 
fringes grow broad, and run into one another, fo that thev can-, 
not be diftinguimed. Thefe broad fhadows and fringes' have 
been reckoned by feme to proceed from the ordinary refraction 
ot the air, but without due examination of the matter. For the 
nrcumftances of the phenomenon, fo far as I have oblerved 
them, are as follows. 

Obf i. i made in a piece of lead a fmall hole with a pin, whofe 
breadth was the 42c! part of an inch : tor 21 of thofe pins laid 
together took up the breadth of half an inch. Through this 

hole, 
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bole, I let into my darkened chamber a beam of the fun's right ;R 
and found that the fhadows of hairs, threads, pins, ftraws, and 
fuch like flender-fubftances, placed in this beam, of light, were 
confiderably broader than they ought to be, if the rays of light 
parTed on by thefe bodies in right lines. And particularly a hair 
of a man's head, whofe breadth was but the a8oth part of an 
inch, being held in this light, at the diftance of about twelve 
feet from the hole, did caft a fhadow, which, at the diftance of four 
inches from the hair, was the fixtieth part of an inch broad; that 
is, above four times broader than the hair: and at the diftance of 
two feet from the hair, was about the eight and twentieth part of 
an inch broad ; that is, ten times broader than the hair : and at 
the diftance of ten feet, was an eighth part of an inch broad; 
that is, 35 times broader. 

. Nor is it material whether the hair be encompaffed with air, 
or with any other pellucid fubftance. For I wetted a polifhed 
plate of glafs, and laid the hair in the water upon the glafs ; and 
•then laying another polifhed plate of glafs upon it, fo that the 
water might fill up the fpace between the glaffes, I held them in 
the aforeiaid beam of light, fo that the light might pafs through 
them perpendicularly, and the fhadow of the hair was, at the 
fame diftances, as big as before. The fhadows of fcratches, 
made in polifhed plates of glafs, were alfo much broader than 
they ought to be ; and the veins in polifhed plates of glafs, did 
alfo caft\he like broad fhadows. And therefore the great breadth 
of thefe fhadows proceeds from fome other caufe, than the refract 
tion of 'the air. 

Let the circle x [in/f. I.] reprefent the middle of the hair; 
adg, beh, cfi, three rays, paffing by one fide of the hair at fe- 
veral diftances; knq., lor, mps, three other rays, paffing by 
the other fide of the hair at the like diftances ; d, e, f, and N, 
o, p, the places where the rays are bent in their paffage by the 
hair; g, h, i and q_, r, s, the places where the rays fall on a 
paper gq_; is the breadth- of the fhadow of the hair caft on the 
paper ; and ti, vs, two rays paffing to the points i and s with- 
out bending, when the hair is taken away. And it is manifett 
^at all the light between thefe two rays, ti and 'vs, is bent in 
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inflations pafling by the hair, and turned afide from the fhadow is ; be- 
ot thc caufe if any part of this light were not bent, it would fall on the 
paper within the fhadow, and there illuminate the paper, con- 
trary to experience. And becaufe when the paper is at a great 
diftance from the hair, the fhadow is broad, and therefore the 
rays, ti and vs, are at a great diftance from one another, it fol- 
lows that the hair a£ts upon the rays of light at a good diftance 
in their palling by it. But the action is ftrongeft on the rays, 
which pafs by at leaft diftances ; and grows weaker and weaker, 
accordingly as the rays pafs by at diftances greater and greater, 
as is reprefented in the fcheme : for thence it comes to pafs, that 
the fhadow of the hair is much broader, in proportion to the dif- 
tance of the paper from the hair, when the paper is nearer the 
hair, than when it is at a great diftance from it- 

Obf. i. The lhadows of all bodies (metals, ftones, glafs, wood, 
horn, ice, 8cc.) in this light were bordered with three parallel 
fringes or bands of coloured light ; whereof that which was 
contiguous to the Ihadow was broadeft and moft luminous ; and 
that which was remoteft from it was narrower!:; and fo faint, as 
not eafily to be vifible. It was difficult to diftinguifh the colours, 
unlefs when the light fell very obliquely upon a fmooth paper, 
or fome other fmooth white body ; fo as to make them appear 
much broader, than they would otherwife do. And then the co- 
lours were plainly vifible in this order : the Firft or innermoft 
fringe was Violet and deep Blue next the fhadow ; and then light 
Blue, Green and Yellow in the middle, and Red without. The 
Second fringe was almoft contiguous to the firft, and the Third 
to the fecond ; and both were Blue within the Yellow, and Red 
without; but their colours were very faint, efpecially thofe of the 
third. The colours therefore proceeded in this order from the 
ihadow ; Violet, Indigo, pale Blue, Green, Yellow, Red j Blue, 
Yellow, Red ; pale Blue, pale Yellow and Red. The lhadows, 
made by fcratches and bubbles in palifhed plates of glafs, were 
bordered with the like fringes of coloured light. And if plates 
of looking-glafs, Hoped off near the edges with a diamond-cut, be 
held in the fame beam of light; the light, which paffes through 
the parallel planes of the glafs, will be bordered with the like 
i fringes. 
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fringes of colours, where thofe planes meet with the diamond- Rays <, 
cut ; and by this means there will fometimes appear four or five, ' shu 
fringes of colours. Let ab, cd [in^. a.] reprefent the parallel 
planes of a looking-glafs, and bd the plane of the diamond-cut, 
making at b a very obtufe angle with the plane ab. And let all 
the light, between the rays eni and fbm, pafs diredtly through the 
parallel planes of the glafs, and fall upon the paper between r 
and m ; and all the light between the rays go and hd be refracted,, 
by the oblique plane of the diamond-cut bjd, and fall upon the 
paper between k and l; and the light which paffes direftly 
through the parallel planes of the glafs, and falls upon the pa- 
per between i and m, will be bordered with three or more fringes 
at M. 

So by looking on the fun through a feather or black ribband 
held clofe to the eye, feveral rain-bows will appear ; the lha- 
dows, which the fibres or threads caft on the funics Retina, be- 
ing bordered with the like fringes of colours, 

Obf. 3. When the hair was twelve feet diftant from this hole,, 
and its fhadow fell obliquely upon a flat white fcale of inches and 
parts of an inch, placed half a foot beyond it, and alfo when the 
fhadow fell perpendicularly upon the fame fcale, placed nine 
feet beyond it ; I meafured the breadth of the fhadow and fringes 
as accurately as I could, and found them in parts of an inch as, 
follows. 
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The diftance between the middles of the brighteft light of the firft and 
fecond fringes 
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The diftance between the middles of the brighteft light of the fecond and 
third fringes 
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The breadth of the luminous part (Green, White, Yellow and Red) of: , 
the fir ft fringe < its 
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I'he breadth of the darker fpace between the firft and fecond fringes 


via 


4~7 > 


The breadth of the luminous part of the fecond fringe 






I'he breadth of the darker fpace between the fecond and third fringes 







Thefe meafures I took, by letting the fhadow of the hair, at 
half a foot diftance, fall fo obliquely on the fcale, as to appear 
twelve times broader, than when it fell perpendicularly on it at the 
fame diftance, and fetting down in this Table the twelfth part of 
the meafures I then took. 

ObJ. 4. When the fhadow and fringes were caft obliquely upon 
a fmooth white body, and that body was removed farther and far- 
ther from the hair, the Firft fringe began to appear, and look 
brighter than the reft of the light, at the diftance of lefs than a 
quarter of an inch from the hair ; and the dark line, or lhadow, 
between that and the Second fringe, began to appear at a lefs dif- 
tance from the hair than that of the third part of an inch. The 
Second fringe began to appear, at a diftance from the hair of lefs 
than hah an inch ; and the lhadow between that and the third 
fringe, at a diftance lefs than an inch ; and the Third fringe, at a 
diftance lefs than three inches. At greater diftances they became 
much more fenfible, but kept very nearly the fame proportion 
ot their breadths and intervals, which they had at their firft ap- 
pearing. F 0r t h e diftance between the middle of the Firft and 
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the middle of the Second fringe, was to the diftance between theiw 
middle of the Second and middle of the Third fringe, as three Light * 
to two, or ten to feven. And the laft of thefe two diftances was 
equal to the breadth of the bright light or luminous part of the 
Firft fringe. And this breadth was to the breadth of the bright 
light of the Second fringe as feven to four; and to the dark in- 
terval of the Firft and Second fringe as three to two ; and to the 
like dark interval between the Second and Third, as two to one. 
For the breadths of the fringes feemed to be in the progreffion of 
the numbers 1, vA, and their intervals to be in the fame 
progreffion with them ; that is, the fringes and their intervals 
together to be in the continual progreffion of the numbers 1, nA, 
or thereabouts. And thefe proportions held the 
fame, very nearly, at all diftances from the hair ; the dark inter- 
vals of the fringes being as broad, in proportion to the breadth of 
the fringes, at their firft appearance, as afterwards at great diftances 
from the hair, though not fo dark and diftindt. 

ObJ. 5. The fun finning into my darkened chamber, through 
a hole a quarter of an inch broad ; 1 placed at the diftance of two 
or three feet from the hole a meet of patte-board, which was 
blackened all over on both fides, and in the middle of it had a 
hole, about three quarters of an inch fquare, for the li-ht to pafs 
through. And behind the hole I fattened to the pafte-boanl 
v.ith pitch the blade of a fharp knife, to intercept fume part of 
the light, which palled through the hole. The planes of the pafte- 
board and blade of the knife were parallel to one another, and 
Perpendicular to the rays. And when they were fo placed, that 
none of the fun's light fell on the pafteboard, but all of it patted 
through the hole to the knife, and there part of it fell upon the 
biade ot the knife, and part of it patted by its edge : I let this 
l«rt ot the lig-l ir> which patted by, fall on a white paper two or 
n-ec feet beyond the knife ; and there law two itreams of faint 
d lgat faoot out both ways from the beam of light into the Iha- 
| C } ? W ', ]lke ths tuils of comets. But becanlc theVun's direct light, 
h its bnghtnefs upon the pa;>er, obfeured thefe faint Itreams, fo 
™ I could fcarce fee them ; 1 made a little hole in the mi l:t of 
ac paper, f or that light to pals through, and fall on a black cloth 

behind 
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inflexion behind it ; and then I faw the two ftreams plainly. They were 
vt the like one another, and pretty nearly equal in length and breadth, 
•and quantity of light. Their light, at that end next the fun's 
direct light, was pretty ftrong for the fpace of about a quarter of 
an inch, or half an inch ; and in all itsprogrefs from that direct 
light decreafed gradually, till it became infenfible. The whole 
length of either of thefe ftreams, meafured upon the paper at 
the diftance of three feet from the knife, was about fix or eight 
inches ; fo that it fubtended an angle, at the edge of the knife, 
of about 10 or 12, or at raoft 14 degrees. Yet fometimes I 
thought I faw it fhoot three or four degrees farther ; but with a 
light lb very faint that I could fcarce perceive it, and fufpected it 
might (in fome meafure at leaft) arife from fome other caufe, than 
the two ftreams did. For placing my eye in that light, beyond 
the end of that ftream which was behind the knife, and looking 
towards the knife, I could fee a line of light upon its edge ; and 
■that not only when my eye was in the line of the ftreams, but 
alfo when it was without that line, either towards the point of 
•the knife, or towards the handle. This line of light appeared 
contiguous to the edge of the knife, and was narrower than the 
light of the innermoft fringe, and narroweft when my eye was 
fartheft from the direct light ; and therefore feemed to pafs be- 
tween the light of that fringe and the edge of the knife ; and 
that which paffed neareft the edge, to be moft bent, though not 
•all of it. 

Obf. 6 I placed another knife by this, fo that their edges 
might be parallel, and look towards one another ; and that the 
beam of light might fall upon both the knives, and fome part of 
it pafs between their edges. And when the diftance of their 
edges was about the 400th part of an inch, the ftream parted in 
the middle, and left a fhadow between the two parts. This fha- 
dow was fo black and dark, that all the light which paffed be- 
tween the knives feemed to be bent, and turned afide to the one 
hand or to the other. And as the knives ftill approached one an- 
ther, the fhadow grew broader, and the ftreams ihorter at their 
inward ends which were next the fhadow, until, upon the con- 
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tact of the knives, the whole light vanifhed, leaving its place to Ray* of 
the fhadow. Light " 

And hence I gather, that the light which is leaft bent, and 
goes to the inward ends of the ftreams, pafies by the edges of the 
knives at the greateft diftance ; and this diftance, when the fha- 
dow begins to appear between the ftreams, is about the 800th 
part of an inch. And the light, which paries by the edges of 
the knives at diftances ftill lefs and lefs, is more and more bent, 
and goes to thofe parts of the ftreams which are farther and far- 
ther from the direct light ; becaufe when the knives approach 
one another till they touch, thofe parts of the ftreams vanifli laft, 
which are fartheft from the direct light. 

Obf. 7. In the fifth Obfervation the fringes did not appear; 
but, by reafon of the breadth of the hole in the window, be- 
came fo broad as to run into one another, and, by joining, to 
make one continued light in the beginning of the ftreams. But 
in the fixth, as the knives approached one another, a little before 
the fhadow appeared between the two ftreams, the fringes began 
to appear on the inner ends of the ftreams 011 either fide of the 
direct light ; three on one fide, made by the edge of one knife ; 
and three on the other fide, made by the edge of the other knife. 
They were diltincteft, when the knives were placed at the great- 
eft diftance from the hole in the window ; and ftill became more 
diftinct, by making the hole lefs ; infomuch that I could fome- 
times fee a faint lineament of a fourth fringe, beyond the three 
above-mentioned. And as the knives continually approached one 
another, the fringes grew diftincter and larger, until they, va- 
niihed. The outmoft fringe vanifhed firft, and the middlemoft 
next, and the innermoft laft. And after they were all vanifhed, 
and the line of light which was in the middle between them was 
grown very broad, enlarging itfelf on both fides into the ftreams 
of light defcribed in the" fifth Obfervation ; the above-mentioned 
fhadow began to appear in the middle of this line, and divide it 
along the middle into two lines of light, and increafed until the 
whole light vanifhed. This enlargement of the fringes was fo 
re at, that the rays, which go to the innermoft fringe, feemed to 
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inflexion be bent above twenty times more when this fringe was ready to 
of vanifh, than when one of the knives was taken away. 

And from this and the former Obfervation compared, I ga- 
ther, that the light of the Firft fringe paffed by the edge of the 
knife, at a diftance greater than the Sooth part of an inch ; and 
the light of the Second fringe paffed by the edge of the knife, at 
a greater diftance than the light of the firft fringe did ; and that 
of the Third, at a greater diftance than that of the fecond ; and 
that of the ftreams of light, defcribed in the fifth and fixth Ob- 
fervations, paffed by the edges of the knives at lefs diftances than 
that of any of the fringes. 

ObJ. 8. I canfed the edges of two knives to be ground truly 
ftrait; and pricking their points into a board, fo that their edges 
might look towards one another, and, meeting near their points, 
contain a rectilinear angle ; I fattened their handles together with 
pitch, to make this angle invariable. The diftance of the edges 
of the knives from one another, at the diftance of four inches 
from the angular point, where the edges of the knives met, was 
the eighth part of an inch ; and therefore the angle, contained by 
the edges, was about I degree 54'. The knives, thus fixed toge- 
ther, 1 placed in a beam of the fun's light, let into my darkened 
chamber through a hole the 4 2d part of an inch wide, at the 
diftance of 1 o or 1 5 feet from the hole ; and let the light, which 
paffed between their edges, fall very obliquely upon a fmooth 
white ruler at the diftance of half an inch, or an inch, from the 
knives ; and there faw the fringes, made by the two edges of the 
knives, run along the edges of the fhadows of the knives, in lines 
parallel to thofe edges, without growing fenfibly broader; till they 
met in angles equal to the angle contained by the edges of the 
knives; and where they met and joined, they ended without crof- 
fing one another. But if the ruler was held at a much greater 
diftance from the knives, the fringes, where they were farther 
from the place of their meeting, were a little narrower, and be- 
came fomething broader and broader, as they approached nearer 
and nearer to one another ; and after they met they croffed one 
another, and then became much broader than before. 

Whence 
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Whence I gather, that the diftances, at which the fringes pafsRaysof 
by the knives, are not increafed nor altered by the approach of the Llght " 
knives; but the angles, in which the rays are there bent, are 
much increafed by that approach ; and that the knife, which is 
neareft any ray, determines which way the ray Ihall be bent, and 
the other knife increafes the bent. 

Qbf. 9. When the rays fell very obliquely upon the ruler, at 
the diftance of the third part of an inch from the knives ; the 
dark line between the firft and fecond fringe of the lhadow of one 
knife, and the dark line between the firft and fecond fringe of 
the lhadow of the other knife, met with one another at the dif- 
tance of the fifth part of an inch from the end .of the light, 
which paffed between the knives at the concourfe of their edges. 
And therefore the diftance of the edges of the knives, at the 
meeting of thefe dark lines, was the 160th part of an inch. 
For as four inches to the eighth part of an inch, fo is any length 
of the edges of the knives, meafured from the point of their 
concourfe, to the diftance of the edges of the knives at the end 
of that length ; and fo is the fifth part of an inch to the 160th 
part. So then the dark lines above-mentioned meet in the mid- 
dle of the light, which paffes between the knives, where they 
are diftant the 160th part of an inch ; and the one half of that 
light paffes by the edge of one knife, at a diftance not greater 
than the 320th part of an inch, and, falling upon the paper, makes 
the fringes of the lhadow of that knife ; and the other half 
paffes by the edge of the other knife, at a diftance not greater 
than the 320th part of an inch, and, falling upon the paper, 
makes the fringes of the lhadow of the other knife. But if the 
paper be held at a diftance from the knives greater than the third 
part of an inch, the dark lines above-mentioned meet at a greater 
diftance than the fifth part of an inch from the end of the light, 
which paffed between the knives at the concourfe of their edges; 
and therefore the light, which falls upon the paper where thofe 
dark lines meet, paffes between the knives, where their edges are 
diftant above the 160th part of on inch. 

F or at another time, when the two knives were diftant eight feet 
an d five inches from the little hole in the window, made with a 

i? f . r, fmall 
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inflexion fmall pin as above ; the light which fell upon the paper, where 
of thc the aforefaid dark lines met, paffed between the knives, where 
the diftance between their edges was as in the following Table, 
when the diftance of the paper from the knives was alfo as follows. 



Diftances of the Paper from Diftance between the edges of 


the Knives in Inches. 


the Knives in millefimal 




parts of an Inch. 




o'oiz 


3b 


o'oio 


82. 


o'o 3 4 


3 2 - 


°'°S7 


96. 


o'oSi 


I T I . 


o'o8? 



And hence I gather that the light, which makes the fringes 
upon the paper, is not the fame light at all diftances of the paper 
from the knives ; but when the paper is held near the knives, the 
fringes are made by light, which paffes by the edges of the knives 
at a lefs diftance, and is more bent,, than when the paper is held 
at a greater diftance from the knives. 

Obf. io. When the fringes of the fhadows of the knives fell 
perpendicularly upon a paper, at a great diftance from the knives, 
they were in the form of hyperbolas, and their dimenfions were 
as follows. Let ca, cb [in jg. 3.] reprefent lines drawn upon 
the paper parallel to the edges of the knives, and between which 
all the light would fall, if it paffed between the edges of the 
knives without reflexion ; de, a right iine drawn through c, 
making the angles acd, bce, equal to one another, and termi- 
nating all the light, which falls upon the paper from the point 
where the edges of the knives meet ; eis, jkt, and glv, three hy- 
perbolical lines, reprefenting the terminus of the fliadow of one 
of the knives, the dark line between the firft and fecond fringes 
of that fnadow, and the dark line between the fecond and third 
fringes of the fame fliadow; xip, ykq and zlr, three other hyper- 
bolical lines, reprefenting the terminus of the fliadow of the other 
knife, the dark line between the firft and fecond fringes of that 
ihadow, and the dark line between the fecond and third fringes 
of the fame fliadow. And conceive that thefe three hyperbolas 
are like and equal to the former three ; and crofs them in the 

points 
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points /, k and /; and that the fhadows of the knives are termi-Raysof 
nated, and diftinguiflied from the firft luminous fringes, by the L ' sht * 
lines eis and xip, until the meeting and crofting of the fringes ; 
and then thofe lines crofs the fringes in the form of dark lines, 
terminating the firft luminous fringes within fide, and diftinguifli- 
ing them from another light, which begins to appear at /, and 
illuminates all the triangular fpace, /^dej, comprehended by thefe 
dark lines, and the right line de. Of thefe hyperbolas one 
afymptote is the line de, and the other afymptotes are parallel to 
the lines ca and cb. Letry reprefent a line, drawn any where 
upon the paper, parallel to the afymptote de ; and let this line 
crols the right lines ac in m, and bc in n, and the fix dark hy- 
perbolical lines in p, q, r; s, t, v ; and by meafuring the diftances 
ps, qt, rv, and thence collecting the lengths of the ordinates np, 
nq, nr, or ms, mi, mv ; and doing this at feveral diftances of the 
line rv from the afymptote de ; you may find as many points of 
thefe hyperbolas as you pleale, and thereby know that thefe curve 
lines are hyperbolas differing little from the Conical hyperbola. 
And by meafuring the lines c/, ck, c/,..you may find other points 
of thefe curves. 

For inftance, when the knives were diftant from the hole in 
the window ten feet, and the paper from the knives nine feet, 
and the angle contained by the edges of the knives, to which the 
angle acb is equal, was fubtended by a chord which was to the 
radius as 1 to 32, and the diftance of the line rv from the afymp- 
tote de was half an inch : I mcafured the lines ps, qt, rv, and 
found them 0^5, 0*65, o'ijS inches refpectively ; and by adding 
to their halfs the line \mn (which here was the 1 28th part of an 
inch, or 0*0078 inches) thc funis, np, nq, nr, were 0*1 S 2 8, 
°'332 8, 0^978 inches. I mcafured alfo the diftances of the 
hnghteft parts of the fringes, which run between pq and st, qr 
and tv, and next beyond /• and v, and found them ©'5, o'8, and 
i'i7 inches. 

11. The fun finning into my darkened room, through a, 
foall round hole mude in a plate of lead with a (lender pin as 
above ; I placed at the hole a prifm to refract the light, and form 
011 tlle oppoiitc wall the ipecbum of colours, defcribed in the 

third 



2I4 OPTICS. Book III. 

inflexion third Experiment of the firft Book. And then I found that the 
01 thu ftiadows of all bodies, held in the coloured light between the 
prifm and the wall, were bordered with fringes of the colour of 
that light, in which they were held. In the full Red light they 
were totally Red, without any fenfible Blue or Violet ; and in the 
deep Blue light they were totally Blue, without any fenfible Red 
or Yellow ; and fo in the Green light they were totally Green, 
excepting a little Yellow and Blue, which were mixed in the 
Green light of the prifm. And comparing the fringes made in 
the feveral coloured lights, I found that thofe made in the Red 
light were largeft, thofe made in the Violet were leaft, and thofe 
made in the Green were of a middle bignefs. For the fringes 
with which the lhadow of a man's hair were bordered, being 
meafured crofs the lhadow, at the diftance of fix inches from 
the hair ; the diftance, between the middle and moft luminous 
part of the Firft or innermoft fringe on one fide of the lhadow, 
and that of the like fringe on the other fide of the lhadow, was, 
in the full Red light, ™ of an inch ; and, in the full Violet, -~. 
And the like diftance, between the middle and moft luminous parts 
of the Second fringes on either fide the lhadow, w r as, in the full 
Red light, T ' r ; and, in the Violet, — of an inch. And thefe dif- 
tances of the fringes held the fame proportion, at all diftances 
from the hair, without any fenfible variation. 

So then the rays, which made thefe fringes in the Red light, 
paired by the hair at a greater diftance, than thofe did which 
made the like fringes in the Violet ; and therefore the hair, in 
caufing thefe fringes, acted alike upon the Red light, or leaft re- 
frangible rays, at a greater diftance, and upon the Violet, or moft 
refrangible rays, at a lefs diftance ; and by thofe actions difpofed 
the Red light into larger fringes, and the Violet into fmaller, and 
the lights of intermediate colours into fringes of intermediate 
bigneffes, without changing the colour of any fort of light. 

When therefore the hair, in the firft and fccond of thefe Ob- 
fervations, was held in the white beam of the Sun's light, and 
caft a fliadow, which was bordered with three fringes of coloured 
light; thofe colours arole not from any new Modifications im- 
prefied upon the rays of light by the hair; but only from the va- 
rious 
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rious Inflexions, whereby the feveral forts of rays were feparated Rays 
from one another, which before reparation, by the mixture of all Ligh 
their colours, compofed the white beam of the fun's light ; but 
whenever feparated compofe lights of the feveral colours, which 
they are originally difpofed to exhibit. In this nth Obferva- 
tion, where the colours are feparated before the light paffes by 
the hair, the leaft refrangible rays, which when feparated from 
the reft make Red, were inflected at a greater diftance from the 
hair; fo as to make three Red fringes at a greater diftance from 
the middle of the Iliadow of the hair : and the moft refrangible 
rays, which when feparated make Violet, were inflected at a lefs 
diftance from the hair; fo as to make three Violet fringes, at a 
lefs diftance from the middle of the lhadow of the hair : and 
other rays, of intermediate degrees of refrangibility, were in- 
fleeted at intermediate diftances from the hair; fo as to make 
fringes of intermediate colours, at intermediate diftances from 
the middle of the lhadow of the hair. And in the fecond Ob- 
fervation, where all the colours are mixed in the white light 
which pafles by the hair, thefe colours are feparated by the va- 
rious Inflexions of the rays ; and the fringes, which they make, 
appear all together; and the Innermoft fringes, being contiguous, 
make one broad fringe compofed of all the colours in due order ; 
the Violet lying on the iniide of the fringe next the fliadow; the 
Red, on the outlide fartheft from the fliadow; and the Blue, Green 
and Yellow, in the middle. And, in like manner, the middle- 
men fringes of all the colours lying in order, and being contigu- 
ous, make another broad fringe compofed of all the colours ; and 
the outmoft fringes of all the colours lying in order, and being- 
contiguous, make a third broad fringe compofed of all the colours. 
Thefe are the three fringes of coloured light, with which the 
ftudows of all bodies are bordered in the fecond Obfervation. 

When I made the foregoing Obfervations, I defigned to repeat 
moft of them with more"care°and exact nefs ; and to make fome 
J le w ones, for determining the manner how the rays of light are 
l)Cnt ln t^eir pafiage by bodies, for making the fringes of colours 
With the dark lines between them. But I was then interrupted, 
aad cannot now think of taking thefe things into faither confi- 
7 w deration. 
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deration. And fince I have not finiflied this part of my defign, 
I fhall conclude with propofing only fome Queries, in order to a 
farther fearch to be made by others. 

Queries. Query i. Do not bodies act upon light at a diftance; and by 
their action bend its rays ; and is not this action (cateris paribus) 
itrongeft at the leaft diftance ? 

%u. 2. Do not the rays which differ in refrangibility differ alio 
in flexibility ; and are they not by their different inflexions fepa- 
rated from one another, fo as after reparation to make the colours 
in the three fringes above defcribed ? And after what manner are 
they inflected to make thofe fringes ? 

gu. 3. Are not the rays of light, in palling by the edges and 
lides of bodies, bent feveral times backwards and forwards, with 
a motion like that of an eel ? And do not the three fringes of 
coloured light above-mentioned, arife from three fuch bendings ? 

%u. 4. Do not the rays of light, which fall upon bodies and 
are reflected or refracted, begin to bend before they arrive at the 
bodies ; and are they not Reflected, Refracted and Inflected by 
one and the fame principle, acting varioully in various circum- 
ftances ? 

£>u. 5. Do not bodies and light act mutually upon one another; 
that is to lay, bodies upon light in emitting, reflecting, refracting 
and inflecting it ; and light upon bodies, for heating them, and 
putting their parts into a vibrating motion, wherein heat confifts ? 

§{u. 6. Do not Black bodies conceive heat more eafily from 
light than thofe of other colours do, by reafon that the light 
falling on them is not reflected outwards ; but enters the bodies, 
and is often reflected and refraded within them, until it be ftifled 
and loft ? 

®u. 7. Is not the ftrength and vigour of the action between 
light and Sulphureous bodies obferved above, one reafon why 
Sulphureous bodies take fire more readily, and burn more vehe- 
mently, than other bodies do ? 

&u. 

(') Pans'] Nothing of whtit follows of this eighth Qg-ry was in the firft Edition. 

From the words And do not all iodic.:, to the wo r J 5 Oil e f <m,djlrds, was added {with i'onie fmali 
varietj noted below) in the firft Latin edition of Dr. 'ciarkc. And the remaining part firft ap- 
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§u. 8. Do not all Fixed bodies, when heated beyond a certain Query vm. 
degree, emit light and mine ; and is not this emiflion performed of l=$ 
by the vibrating motions of their Parts ( a ). And do not all bo- ll^ ted 
dies, which abound with Terreftrial parts, and efpecially with 
Sulphureous ones, emit light, as often as thofe Parts are fuffici- 
ently agitated ; whether that agitation be made by heat, or by 
friction, or percuflion, or putrefaction, or by any vital motion, 
or any other caufe ? As for inftance ; fea water in a raging ftorm; 
quick-filver agitated in Vacuo ; the back of a cat, or neck of a 
horfe obliquely ftruck or rubbed in a dark place; wood, flefli and 
fhh, wbile they putrefy ; vapours, arifing from putrefied waters, 
ufually called Ignes Fatui ; ftacks of moift hay, or corn, grow- 
ing hot by fermentation ; glow-worms, and the eyes of fome 
animals, by vital motions (°) ; the vulgar Fhofphorus ( f ) agitated 
by the attrition of any body, or by the Acid particles of the air ; 
ambar ( c1 ), and fome diamonds by ftriking, preffing or rubbing 
them ; fcrapings of fteel, ftruck off with a flint ; iron, hammer- 
ed very nimbly till it become fo hot as to kindle fulphur thrown 
upon it ; the axle-trees of chariots taking fire by the rapid rota- 
tion of the wheels ; and fome liquors mixed with one another, 
whofe particles come together with an impetus, as oil of vitriol 
diftilled from its weight of nitre, and then mixed with twice its 
weight of oil of annifeeds. So alfo a globe of glafs about 8 or 
1 0 inches in diameter, being put into a frame where it may be 
fwiftly turned round its axis, will in turning fhine, where it rubs 
againil the palm of one's hand applied to it : and if at the fame 
time a piece of white paper, or a white cloth, or the end of one's 
finger, be held at the diftance of about a quarter of an inch, or 
Inlf an inch, from that part of the glafs where it is molt in mo- 
tion, the Electrick vapour, which is excited by the friction of the 
glafs agaimt the hand, will, by darning againil the white paper, 
cloth or finger, be put into inch an agitation as to emit light; and 
make the white paper, cloth or finger, appear lucid like a glow- 

** :iT f > a ti'-e feeond Rnglifo edition. 

( ) — G7.-> u-~avr», — fa <vl:al motions.'', Xot iu Dr. Clark's f rft Latin. 

<•) —P^W..1 VhofJiorus Bononwui*, radiis lamia! s agiuuus ; Phcfplorus Vulgar'ir, 
&c - b '- O/rjfc', fir* * 

( ) J>.:k<r.] Nut m Dr. Claris firft Latin. 

Vol. iv. F f worm \ 
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Queries worm; and in rufhing out of the glafs, will ibmetimes pufh. 
1X ' *' againft the finger fo as to be felt. And the fame things have, 
been found by rubbing a long and large cylinder of glafs or am- 
bar with a paper held in one's hand, and continuing the Friction , 
till the glafs grew warm, 
of the form g>u, g. is not Fire a body heated fo hot, as to emit light copi- 
oufly ? For what elfe is a red hot iron than fire ? And what elfe : 
is a burning coal than red hot wood ? 
—of Flame. |>#, j 0 . Is not Flame a vapour, fume or exhalation heated red 
hot, that is, fo hot as to fhine ? For bodies do not flame without: 
emitting a copious fume, and this fume burns in the flame. The 
Ignis Fatpius is a vapour Aiming without heat ; and is there not 
the fame difference between this vapour and flame, as between 
rotted wood fhining without heat and burning coals of fire ? In 
diftilling hot fpirits, if the head of the ftill be taken off, the va- 
pour, which afcends out of the ftill, w r ill take fire at the flame of 
a candle, and turn into flame, and the flame will run along the 
vapour from the candle to the ftill. Some bodies heated by nio-- 
tion or fermentation, if the heat grow tntenfe, fume copioully ;; 
and if the heat be great .enough, the fumes will fhine, and be- 
come flame. Metals in fufion do not flame for want of a copious 
fume, except fpelter, which fumes copioully, and thereby flames. . 
All flaming bodies, as oil, tallow, wax, wood, foflil coals, pitch, , 
fulphur, by flaming wafte and vanifh into burning fmoke; w T hieh 
fmoke, if the flame be put out, is very thick and vifible, and: 
ibmetimes fmclls ltrongly, but in the flame lofts its fmeli by 
burning ; and, according to the- nature of the.fm.oke, the flame 
is of feveral colours ; as that of fulphur, blue; that of copper- 
opened with fublimatc, green; that of tallow, yellow; that of cam- 
phire, white Smoke palling through flame cannot but grow 
red hot ; and red hot fmoke can have no other appearance than- 
that of flame (*). When gun-powder takes fire, it goes away, 
into flaming fmoke. For the charcoal and fulphur eafily take 

fire, 

.. (*) ~ that °f Campblre ivbitc] Not in- the firft edition. 

*i Z~/ ame '1 Wh;lt Allows of this ioth Query was not in the firft edition; but appeared in 
the firft Lath of Dr. Clark. 11 

(/} vjbtcb arif t from tbem.] What follows of this nth Qjjery was not in the firft edition, 

bat 
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fire, and fet fire to the nitre ; and the fpirit of the nitre being Queries 
thereby rarified into vapour, nifties, out with explofion much af- x ' xu 
ter the manner that the vapour of water ruflies out of an aeoli- 
pile ; the fulphur alfo, being volatile, is converted into vapour, 
and augments the explofion. And the Acid vapour of the ful- 
phur (namely, that which diftills under a bell into oil 'of fulphur) 
entering violently into the Fixed body of the nitre, fets Icofe the 
fpirit of the nitre, and excites a greater fermentation ; whereby 
the heat is farther augmented, and the fixed body of the nitre 
is alfo rarified into fume, and the explofion is thereby made more 
vehement and quick. For if fait of Tartar be mixed with gun* 
powder, and that mixture be warmed till it takes fire ; the ex- 
plofion will be more violent and quick than that of gun- powder 
alone : which cannot proceed from any other caufe than the ac- 
tion of the vapour of the gun-powder upon the fait of tartar, 
whereby that fait is rarified. The explofion of gun-powder arifes 
therefore from the violent action, whereby all the mixture, being 
•quickly and vehemently heated, is rarified and converted into 
fume and vapour : which vapour, by, the violence of that ac- 
tion, becoming fo hot as to fhine, appears in the form of flame* 

£>u. i i. Do not Great bodies conferve their heat the longeft, Formal caufe 

.■u • , " • t ' , ~ , * ofthe Sun* 

their parts heating one another; and may not Great denle and 
Fixed bodies, when heated beyond a certain degree, emit light fo 
*copioufly, as by the emiffion and re-action of its light, and the 
^reflexions and refractions of its rays within its pores, to grow 
ftill hotter, till it comes to a certain period of heat, fuch as is 
that of the fun ? And are not the fun and fixed ftars great earths 
vehemently hot ; whofe heat is conferved by the greatneft of the 
bodies, and the mutual action and re-action between them, and 
the light which they emit ; and whofe parts are kept from fum- 
ing away, not only by their Fixity, but alfo by the vaft weight 
and denfity of the atmofpheres incumbent upon them, and very 
ftrongly compreffing them, and condenfing the vapours and ex- 
halations which arife from them (S) ? For if water be made 

j! ut geared in the firft Lath of Dr. Clark, except that we find nothing there annvering to the 
na! w ords, and a very fmall quantity t>f vapours *nJ exhalations, which were firft ini'erted in the is- 
Ei.pijb. 

F f 2 warm 
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Queries warm in any pellucid vefTel emptied of air, that water in the va- 
cuum will bubble and boil as vehemently, as it would in the open 
air in a veffel fet upon the fire till it conceives a much greater heat. 
For the weight of the incumbent atmofphere keeps down the va- 
pours, and hinders the water from boiling, until it grow much 
hotter than is requifite to make it boil in Vacuo. Alio a mixture 
of tin and lead, being put upon a red hot iron in Facuo, emits a 
fume and flame ; but the fame mixture in the open air, by rea— 
ion of the incumbent atmofphere, does not fo much as emit any 
fume, which can be perceived by fight. In like manner the 
great weight of the atmofphere, which lies upon the globe of 
the fun,, may hinder bodies there from riling up and going away 
from the fun, in the form of vapours and fumes ; unlefs by means 
of a far greater heat, than that which, on the furiace of the- 
earth, would very eafily turn them into vapours and fumes. And 
the fame great weight may condenfe thofe vapours and exhalations, 
as foon as they mail at any time begin to afcend from the fun, 
and make them prefently fall back again into him ; and by that' 
action increafe his heat, muchafter the manner that in our earth 
the air increafes the heat of a culinary fire. And the fame weight 
may hinder the globe of the fun from being diminifhed, unlefs- 
by the emifiion of light, and a very fmall quantitv of vapours' 
and exhalations. 

S- f s!'ght! nfe I2 - Do n °t the rays of light, in falling upon the bottom' 

of the eye, excite vibrations in the tunica Retina? Which vi- 
brations, being propagated along the folid fibres of the Opticfc 
nerves into the brain, caufe the fenfe of feeine". For becauie 
denfe bodies conferve their heat a long time, and the denfeft bo- 
dies conferve their heat the longeft ; the vibrations of their parts' 
are of a lairing nature, and therefore may be propagated along' 
folic! fibres of uniform denfe matter to a great diftance,. for con- 
veying into the brain the impreffions made upon all the organs 
of feme. For that motion, which can continue long in one~and 
the fame pprt of a body, can be propagated a long way from one 
part to another, lapp ing the body homogeneal, lb that the mo- 
tion may not b, reflected, refracted, interrupted or difordered by 
any unevenneis of the body. 
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ffu. 13. Do not feveral forts of rays make vibrations of feveral Queries xm, 
fjigneffes ; which according to their bignefTes excite fenfations of of the per. 
feveral colours : much after the manner that the vibrations of the Srent° f 
air, according to their feveral bignefTes, excite fenfations of feve- colours ' " 
ral Sounds? And particularly do not the moft refrangible rays ex--- 
cite the fhorteft vibrations, for making a fenfation of deep Violet; 
the leaft refrangible, the largeft, for making a fenfation of deep. 
Red ; and the feveral intermediate forts of rays, vibrations of fe- 
veral intermediate bignefTes, to make fenfations of the feveral in- 
termediate colours ? 

flu. 14. May not the harmony and difcord of colours,, arife Harmony cf 
from the proportions of the vibrations propagated through the 
fibres of the Optick nerves into the brain ; as the harmony and 
difcord of founds arile from the proportions of the vibrations of 
the air ? For fome colours, if they be viewed together, are agree-- 
able to one another, - as thofe of gold and Indigo, and others 
difagree. 

%. 15. Are not the fpecies of objects, feen with both eyes, ^fon^or^ 
united where the Optick nerves meet before they come into the 
brain ; the fibres on the right fide of both nerves uniting there, ■ 
and after union going thence into the. brain, in the nerve which is 
m the right fide of the head; and the fibres on the left fide of 
both nerves uniting in the fame place, and after union going, , 
into the brain, in the nerve which is on the left fide of the head ; 
and thefe two nerves meeting; in the brain, in fuch a manner that 
their fibres make but one entire fpecies or picture ; half of which, 
on the right fide of the fenforium, ■ comes from the right fide of 
both eyes, through the- right fide of both Optick nerves, to the 
place where the nerves meet, and from thence on the right fide 
of the head into the brain ; and the other half, on the left fide 
of the fenforium, comes in like manner from the left fide of both* 
e yes. For the Optick nerves of fuch animals, as look the fame- 
way with both eyes, as of men, dogs, iheep, oxen, &c. meet 
before they come into the brain ; but the Optick nerves of fuch 
animals as do not look the fame way with both eyes, as of fifhes 
a nd of the chameleon, do not meet, if I am rightly informed. 
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Queries %u. 16. When a man in the dark preffes either corner of his 
Duration of eye with his finger, and turns his eye away from his finger, he 
of C ,hcO^?c 8 will fee a circle of colours like thofe in the feather of a peacock's 
-Nerve, whkh ta - j ^ jf tne eYe an( j tin ser remain quiet, thefe colours va- 
lenfe of nijfh in a fecond minute of time ; but it' the finger be moved 
with a quavering motion, they appear again r). Do not thefe co- 
lours arife from fuch motions, excited in the bottom of the eye, 
by the preflure and motion of the finger, as at other times are 
excited there by light for caufing viiioii? And do not the motions 
once excited continue about a fecond of time before they ceafe (') ? 
And when a man by a ftroke upon his eves fees a flafh of light, 
are not the like motions excited in the Retina by the ffroke ( k ) ? 
And when a coal of fire, moved nimbly in the circumference of 
a circle, makes the whole circumference appear like a -circle of 
fire ; is it not becaufe the motions excited in the bottom of the 
eye, by the rays of light, are of a lafting nature; andcontinue 
till the coal of fire, in going round, returns to its former place ? 
And confidering the laftingnefs of the motions excited in the 
bottom of the eye by light, are they not of a vibrating nature? 
■Efficient %u. i7. If a fione be thrown into ftaenatins: water, the waves 

. caule ef the . t ^ ° 

fits of Tranf- exciteet thereby continue fome time to arife, in the place where 
S5i. tne ftone reu into the water, and are propagated from thence in 
concentrick circles, upon the furface of the water, to great dif- 
tances. And the vibrations or .tremors excited in the air by per- 
cuflion, continue a little time to move from the place of percuf- 
fion, in concentrick fpheres, to great diftances. And in like man- 
ner, when a ray of light falls upon the furface of any pellucid 
body, and is there, refracted or reflected : may not waves of vi- 
brations, or tremors, be thereby excited in the refracting 'or re- 
flecting medium at the point of incidence; and continue to arife 
there, and to be propagated from thence, as long as they continue 
to arife and be propagated, when they are excited in the bottom 
of the eye by the preflure or motion of the finger, or by the 
.light which comes from the coal of fire in experiments above- 
mentioned } 

C) If the eye -appear again.} Not in the firft edition, nor- in Dr. Claris fir (I Lai!,;. 

() And do Kot-~mforc they ceafe.} Not in the firil edition, nor in Dr. Clarke's fir ft Latin. 

f ) — Retina by thsftrokc.} With thefe words the Book ends in the firft edition. The rem.'.in- 



OPTICS. 223 

mentioned ? And are not thefe vibrations propagated from the Queries 
■ point of incidence to great diftances ? And do they not overtake 5 "' 1 "'* 1 * 
the rays of light, and by overtaking them fucceflively, do they 
not put them into the fits of eafy Reflexion and eafy TranfmifTion 
defcribed above ? For if the rays endeavour to recede from the 
denfeit part of the vibration, they may be alternately accelerated 
and retarded by the vibrations overtaking them. 

§u. 1 8. If in two large tall cylindrical velfels of glafs invert-Probability of 
ed, two little thermometers be fufpended fo as not to touch, the moJSe •■■ 
vefTcls, and the air be drawn out of one of thefe veflels, and thanAiri! 
thefe veflels, thus prepared, be carried out of a cold place into a 
warm one ; the thermometer in Vacuo will grow warm as much, , 
and almoft as foon as the thermometer which is not in Vacuo:: 
and when the veflel is carried back into, the cold place, the ther- • 
mometer in Vacuo will grow cold, almoft as foon as the other ther- ~ 
mometer. Is not the heat of the warm room conveyed through 
the Vacuum by the vibrations of a much fubtiler medium than 
air, which, after the air- was drawn out, remained in the Vacuum f 
And is not this medium the fame with that medium by which 
light is refracted or reflected, and by whofe vibrations light com- - 
municates heat to bodies, and is put into fits of eafy Reflexion 
and eafy TranfmifTion > And do not the vibrations of this medi- • 
vim, in hot bodies, contribute to the intenfenefs and duration of 
their heat ? And do not hot bodies communicate their heat to 
utfitiguous cold ones, by the vibrations of this medium propa- 
gated from them into the cold ones ? And is not this medium 
exceedingly more rare and fubtile than the air, and exceedingly 
more elaftick and active ?.' And doth it not readily pervade all bo- 
dies ? And is it not (by its elaftick force) expanded through all : 
the heavens ? . 

T 9. Doth not the refraction of light proceed from the dif- whK-h may 
ierent denfity of this aethereal medium in diircrent place?, the chaSus. 
hght receding alwavs from the denier parts of the medium ? ff. 0l " ,e * 
And is not the denfity thereof greater in free and open fpaees, 

™S Paragraph of this Ojiery, and the eight Queries that1mwc»!iatclr fe'iow, nr.ir.ely, the i 7 ;h, 
19th, 20th, 2Kl 21i \ aid, 24 th, iirtl apnea rsd in the ilccuJ t^.i utition, ajid are uot 

void ' 
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Queries void of air and other grofler bodies, than within the pores of 
water, glafs, cryftal, gems, and other compact bodies ? For when 
light panes through glafs or cryftal, and, falling very obliquely 
upon the farther furface thereof, is totally reflected; the total re- 
flexion ought to proceed rather from the Denlity and Vigour of 
the medium without and beyond the glafs. than from the Rarity 
and Weaknefs thereof. 
■m< weiWam §u. io. Doth not this acthercal medium, in paffing out of wa- 
"pees ter, glafs, cryftal, and other compact and denfe bodies into ercp- 
dtuiVb^ks. ty fpaces, grow denier and denier by degrees ; and by that means 
.refract the rays of light not in a point, but by bending them gra- 
dually in curve lines ? And doth not the gradual condenfation of 
this medium extend to forae diftance from the bodies ; and there- 
by caufe the inflexions of the ravs of light, which pafs by the 
edges of denfe bodies, at forne diftance from the bodies? 
The media- .& Um 2 i. is not this -medium much rarer within the denfe bo* 

,»ical efficient ^ 

.of Gravity, dies of the fun, ftars, planets and comets, than in the empty ee- 
lcftial fpaces between them ? And in paffing from them to great 
diftances, doth it not grow denfer and denier perpetually; and 
thereby caufe the Gravity of thofe great bodies towards one an- 
other, and of their parts towards the -bodies ; every body endea- 
vouring to go from the denfer parts of the medium towards the 
rarer? For if this medium be rarer within the fun's body than 
at its furface, and rarer there than at the hundredth part of an 
inch from its body, and rarer there than at the fiftieth part of an 
inch from its body, and rarer there than at the orb. of "Saturn ; I 
fee no reaibn why the increafe of denlity mould ftop any where, 
and not rather be continued through albdiftances from the fun to 
Saturn, and beyond. And though .this ; increafe of denlity may 
at great diftances be exceeding How, yet if the Elaftick force of 
this medium be exceeding great, it may fuffice to impel bodies 
from the denfer parts of the medium towards the rarer, with all 
that power which we call Gravity. And that the Elaftick force 
of this medium is .exceeding great, may be gathered from the 
lwiftnefs of its vibrations. Sounds move about 1 1 40 Engli/b feet 
in a fecond minute of time; and in feyen or eight mi::utes of 
lime, they move about one hundred EngHfi? miles. Light moves 

from 
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From the fun to us in about feven or eight minutes of time ; o^e. 
which diftance is about 70000000 Englijh miles, fuppofing the xx,,xxu * 
horizontal parallax of the fun to be about 1 2". And the vibra- 
tions or pulfes of this medium, that they may caufe the alternate 
fits of eafy Tranfmiffion and eafy Reflexion, muft be fwifter than 
light; and by confequence above 700000 times fwifter than 
founds. And therefore the Elaftick force of this medium, in 
proportion to its denlity, muft be above 700000 x 700000 (that 
is, above 490000000000) times greater than the Elaftick force 
of the air is in proportion to its denfity. For the velocities of the 
pulfes of elaftick mediums are in a fubduplicate ratio of the elaf- 
ticities and the rarities of the mediums taken together. 

As attraction is ftronger in fmall magnets than in great ones, 
in proportion to their bulk ; and gravity is greater in the furfaces 
of fmall planets than in thofe of great ones, in proportion to 
their bulk; and fmall bodies are agitated much more by Electric 
Attraction than great ones ; fo the fmallnefs of the rays of light 
may contribute very much to the power of the agent, by which 
they are refracted. And fo if any one mould fuppofe that (ether, 
like our air, may contain particles which endeavour to recede 
from one another (for I do not know what this aether is) and that 
its particles are exceedingly fmaller than thofe of air, or even 
than thofe of light : the exceeding fmallnefs of its particles may 
contribute to the greatnefs of the force, by which thofe particles 
may recede from one another ; and thereby make that medium 
exceedingly more rare and Elaftick than air, and by confequence 
exceedingly lefs able to refill the motions of projectiles, and ex- 
ceedingly more able to prefs upon grofs bodieSj by endeavouring 
to expand itielf. 

%. 22. May not planets and comets, and all grofs bodies, per- f n f o r f^- 
form their motions more freely, and with lefs refiftance in this 
aethereal medium than in any fluid, which fills all fpace ade- l,udi " 11 ' 
quately without leaving any pores, and by confequence is much 
denfer than quick-filver or gold ? And may not its refiftance be 
fo fmall as to be inconliderable ? For inftance ; if this atber (for 
fo I will call it) Ihould be fuppofed 700000 times more Elaftick 
than our air, and above 700000 times more rare ; its refiftance 
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Qjmes would be above 600000000 times lefs than that of water. And 
x.un, xxiv. ^ q £- ma jj a re fift ance would fcarce make any fenlible alteration in 
the motions of the planets in ten thoufand years. If any one 
would aik how a medium can be fo rare, let him tell me how the 
air, in the upper parts of the atmofphere, can be above an hun- 
dred thoufand times rarer than gold, Let him alfo tell me, how 
an Electrick body can by friction emit an exhalation fo rare and 
fubtle, and yet fo potent, as by its emiffion to caufe no fenfible 
diminution of the weight of the ele&rick body ; and to be ex- 
panded through a fphere, whofe diameter is above two feet, and 
yet to be able to agitate and carry up leaf-copper, or leaf-gold, 
at the diftance of above a foot from the electriek body ? And 
how the effluvia of a magnet can be fo rare and fubtile, as to pafs 
through a plate of glafs without any refiftance or diminution of 
their force, and yet fo potent as to turn a magnetick needle be- 
yond the glafs ? 

Si'f rhc' 2 3- Is not Vifion performed chiefly by the vibrations of 

effic'enfoi' this mediurn > excited in the bottom of the eye by the rays of 
vuiun! light, and propagated through the folid, pellucid and uniform 
Capillamenta of the Optick nerves into the place of fenfation ? 
And is not Hearing performed by the vibrations either of this or 
lb me other medium, excited in the Auditory, nerves by the tre- 
mors of the air, and propagated through the folid, pellucid and 
uniform Capillamenta of thole nerves into the place of fenfation I 
And lb of the other fenfes. 
^fAnm»i 24 . is not Animal motion performed by the vibrations of 

this medium, excited in the brain by the power of the will, and 
propagated from thence through the folid, pellucid and uniform 
Capillamenta of the nerves into the mufcles, for contracting and 
dilating them ? 1 fnppofe that the Capillamenta of the nerves are 
each of them Solid and Uniform, that the vibrating motion of the 
ethereal medium may be propagated along them from one end 
to the other uniformly, and without interruption : for obftrac- 
tions in the nerves create palfies. And that they may be Effici- 
ently uniform, I fuppofe them to be pellucid when viewed fingly ; 
though the reflexions in their cylindrical furfaces may make the 
whole nerve, compefed of many Capillamenta, appear Opake and 

White. 
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White. For Opacity arifes from Refle&ing furfaces, fuch as may Qicry « v . 
difturb and interrupt the motions of this medium. 

$u. 25. Are there not other original properties of the rays of original f< 
light, befides thofe already defcribed ? An inftance of another ori- Sot'L^i 
ginal property we have in the refraction of Illand Cryftal, de- 
fcribed firft by Erafmus Bartboline, and afterwards more exactly 
by Hugenius, in his Book De la Lumiere. This cryftal is a pel- iiwoyiis 
lucid Affile ftone, clear as water or cryftal of the rock, and with- 
out colour ; enduring a red heat without lofing its tranfparency, 
and, in a very ftrong heat, calcining without fulion : fteeped a 
day or two in water, it lofes its natural polifh : being rubbed on 
cloth, it attracts pieces of ftraws and other light things, like am- 
bar or glafs; and with aqua for lis it makes an ebullition. It 
feems to be a fort of Talk, and is found in form of an oblique 
parallelopiped, with lix parallelogram fides and eight folid an- 
gles. The obtufe angles of the parallelograms are each of them 
10 1 degrees and 52 minutes ; the acute ones 78 degrees and 8 
minutes. Two of the folid angles oppofite to one another, as c 
s« the following a "d e, are encompaffed each of them with three of 
scheme, p. Ii8 . thefe obtl ,f e an gie S; and each of the other fix, with 

one Obtufe and two Acute ones. It cleaves eafily in planes pa- 
rallel to any of its fides, and not in any other planes. It cleaves 
with a glofTy polite furface, not perfectly plane, but with fome 
little unevennefs. It is eafily fcratched, and, by reafon of its 
foftneis, it takes a polifh very difficultly. It poliihes better up- 
on polifhed looking-glafs than upon metal ; and perhaps better 
upoil piteh, leather or parchment. Afterwards it muft be rub- 
bed with a little oil or white of an egg, to fill up its fcratches ; 
whereby it will become very tranfparent and polite. But for fe- 
veral experiments, it is not necefTary to polilh it. If a piece of 
thiscryftalline ftone be laid upon a book; every letter of the book, 
feen through it, will appear double, by means of a double refrac- 
tion. And if any beam of light falls either perpendicularly, or 
in any oblique angle, upon any furface of this cryftal ; it becomes 
divided into two beams by means of the fame double refraction. 
Which beams are of the fame colour with the incident beam of 
H ght, and feem equal to one another in the Quantity of their 

Gg 2 light, 
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Query xxv. 

light, or very nearly equal. One of thefe refractions is per- 
WandCryfta1 ' formed by the ufual rule of Opticks; the fine of incidence out 
of air into this cryftal being to the fine of refraction as five to 
three. The other refraction, which may be called the unufual 
refraction, is performed by the following Rule. 

Let adbc reprefent the Re- 
\^ fracting furface of the cryftal ; c, 

the biggeft folid angle at that fur- 
face ; gehf, the oppofite furface ; 
and ck, a perpendicular on that 
furface. This perpendicular makes 
with the edge of the cryftal cf, 
an angle of 1 9 deg. 3'. Join kf ; 
and in it take kl, fo that the an- 
gle kcl be 6 deg. 40'. and the 
angle lcf 12 deg. 23'. And if 
st reprefent any beam of light in- 
cidsnt at t, in any angle, upon 
the Refraaing furface adbc, let tv be the refracted beam de- 
termined by the given proportion of the fines 5 to 3, according 
to the ufual rule of Opticks. Draw vx parallel and equal to kl. 
Draw it the fame way from v, in which l lieth from k ; and 
joining tx, this line tx mail be the other refraaed beam, carried 
from t to x, by the unufual refraaion. 

If therefore the incident beam st be perpendicular to the Re- 
fraaing furface, the two beams tv and tx, into which it fhall 
become divided, fhall be parallel to the lines ck and cl ; one of 
thofe beams going through the cryftal perpendicularly, as it ought 
to do by the ufual laws of Opticks; and the other, tx, by an un- 
ufual refraaion, diverging from the perpendicular, and making 
with it an angle vtx of about 6| degrees, as is found by experi- 
ence. And hence the plane vtx, and fuch like planes, which are 
parallel to the plane cfk, may be called the planes of Perpendi- 
cular refraaion. And the coaft, towards which the lines kl and 
vx are drawn, may be called the coaft of an unufual refraaion* 
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In like manner cryftal of the rock has a double refraaion : Queries 
but the differences of the two refraaions is not fo great and ma- xxv ' sxvu 
nifeft as in ifland cryftal. 

When the beam st, incident on ifland cryftal, is divided into ™™<5Cryfb!. 
two beams, tv and tx, and thefe two beams arrive at the farther 
furface of the glafs ; the beam tv, which was refraaed at the 
firft furface after the ufual manner, fhall be again refraaed en- 
tirely after the ufual manner at the fecond furface ; and the beam 
tx, which was refraaed after the unufual manner in the firft fur- 
face, fhall be again refraaed entirely after the unufual manner in 
the fecond furface ; fo that both thefe beams fhall emerge oat of 
the fecond furface in lines parallel to the firft incident beam st. 

And if two pieces of ifland cryftal be placed one after another, 
in fuch manner that all the furfaces of the latter be parallel to all 
the correfponding furfaces of the former : the rays, which are 
refraaed after the ufual manner in the firft furface of the firft 
cryftal, fhall be refraaed after the ufual manner in all the fol- 
lowing furfaces; and the rays, which are refraaed after the 
unufual manner in the firft furface, fhall be refraaed after the 
unufual manner in all the following furfaces. And the fame thing 
happens, though the furfaces of the cryftals be any ways inclined 
to one another, provided that their planes of Perpendicular re- 
fraaion be parallel to one another. 

And therefore there is an original difference in the rays of 
light, by means of which fome rays are in this experiment con- 
ftantly refraaed after the ufual manner, and others conftantly after 
the unufual manner : for if the difference be not original, but 
arifes from new modifications imprefled on the rays at their firft 
refraaion, it would be altered by new modifications in the three 
following refraaions ; whereas it fuffers no alteration, but is con- 
ftant, and has the fame effba upon the rays in all the refraaions. 
The unufual refraaion is therefore performed by an Original 
Property of the rays. And it remains to be enquired, whether 
the rays have not more Original Properties than are yet difcovered ? 

26. Have not the rays of light feveral fides, endued withTh? rap of 
leveral original Properties? For if the planes of Perpendicular eventides, 
refraaion of the fecond cryftal, be at right angles with the planes 

of 
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o^ery xa v.xjf -Perpendicular refraaion of the firft cryftal; the rays, which 
L;^ t ot are refracted after the ufual manner in paffing through the firft 
cryftal, will be all of them refraaed after the unufual manner in 
pafling through the fecond cryftal ; and the rays, which are re- 
fradted after the unufual manner in paffing through the firft cryf- 
tal, will be all of them refradted after the ufual manner in paf- 
fing through the fecond cryftal. And therefore there are not 
two forts of rays differing in their nature from one another, one 
of which is conftantly and in all pofitions refradted after the ufual 
manner, and the other conftantly and in all pofitions after the 
unufual manner. The difference between the two forts of rays, in 
the Experiment mentioned in the 25th Queftion, W as only in the 
pofitions of the fides of the rays to the planes of Perpendicular 
refradtion. For one and the fame ray is here refradted fometimes 
after the ufual, and fometimes after the unufual manner, ac- 
cording to the polition which its fides have to the cryftals. If 
the fide of the ray is pofited the fame way to both cryftals, it is 
refradted after the fame manner in them both : but if that fide 
of the ray, which looks towards the coaft of the unufual refrac- 
tion of the firft cryftal, be 90 degrees from that fide of the fame 
ray, which looks towards the coaft of the unufual refraaion of 
the fecond cryftal (which may be effedted by varying the pofitiort 
of the fecond cryftal to the firft, and by confequence to the rays 
of light) the fay fhall be refraded after feveral manners in the 
ieveral cryftals. There is nothing more required to determine 
whether the rays of light, which fall upon the fecond cryftal, 
mall be refradted after the ufual or after the unufual manner ; 
but to turn about this cryftal, fo that the coaft of this cryftal's un- 
ufual refraaion may be on this or on that fide of the ray. And 
therefore every ray may be confidered as having four fides or 
quarters ; two of which, oppofite to one another, incline the ray to 
be refradted after the unufual manner, as often as either of them 
are turned towards the coaft of unufual refraaion; and the other 
two, whenever either of them are turned towards the coaft of 
unufual refraaion, do not incline it to be otherwife refraaed than 
alter the ufual manner. The two firft may therefore be called 
the fides of unufual refraaion. And fince thefe difpofitions were 
4 in 
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in the rays, before their incidence on the fecond, third and fourth 
furfaces of the two cryftals ; and fuffered no alteration, fo far as 
appears, by the refraaion of the rays in their paffage through 
thofe furfaces; and the rays were refraaed by the fame lawsln 
all the four furfaces : it appears, that thofe difpofitions were in the 
rays originally, and fuffered no alteration by the firft refraction ; 
and that by means of thofe difpofitions the rays were refraaed at 
their incidence on the firft furface of the firft cryftal ; fome of 
them after the ufual, and fome of them after the unufual man- 
ner, accordingly as their fides of unufual refraaion were then 
turned towards the coaft of the unufual refraaion of that cryftal, 
or fideways from it. 

Every ray of light has therefore two oppofite fides, originally 
endued with a property on which the unufual refraaion depends, 
and with other two oppofite fides not endued with that property. 
And it remains to be enquired, whether there are not more pro- 
perties of light by which the fides of the rays differ, and are dif- 
finguifhed from one another. 

In explaining the difference of the fides of the rays above- 
mentioned, I have fuppofed that the rays fall perpendicularly on 
the firft cryftal. But if they fall obliquely on it, the fuccefs is 
the fame. Thofe rays which are refraaed after the ufual manner 
in the firft cryftal, will be refraaed after the unufual manner in 
the fecond cryftal, fuppofing the planes of Perpendicular refrac- 
tion to be at right angles with one another, as above ; and on the 
contrary. 

If the planes of the Perpendicular refraaion of the two cryf- 
tals he neither parallel nor perpendicular to one another, but con- 
tain an Acute angle : the two beams of light which emerge out 
of the firft crysfta], will be each of them divided into two more 
at their incidence on the fecond cryftal. For in this cafe the rays, 
lQ eacn of the two beams, will fome of them have their fides of 
unufual refraaion, and fome of them their, other fides, turned 
toward the coaft of the unufual refraaion of the fecond cryftal* . 

%• 27. Are not all hypothefes erroneous which have hitherto- 
been invented for explaining the phenomena of light, by new 
Modifications of the rays ? For thofe phenomena depend not upon 

&e w 
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n new modifications, as has been fuppofed, but upon the Original 

and Unchangeable properties of the rays. 
Liyhf confiiu 2 g^ ^re not a u hypothefes erroneous, in which light is 

,,5< "' 1 •»«■ fuppofed to confift in preffion or motion, propagated through a 
Ihulu'sita fluid medium ? For in all thefe hypothefes, the phaenomena of 
ftuIilMcllum ' light have been hitherto explained, by fuppofing that they arife 

from new modifications of the rays ; which is an erroneous fup- 

pofition. 

If light confifted only in preffion propagated without actual 
motion ; it would not be able to agitate and heat the bodies, which 
refract and reflect it. If it confifted in motion propagated to all 
diftances in an inftant; it would require an infinite force every mo- 
ment, in every fhining particle, to generate that motion. And 
if it confifted in preffion or motion, propagated either in an in- 
ftant or in time, it would bend into the fhadow. For preffion or 
motion cannot be propagated in a fluid in right lines beyond an 
obftacle, which ftops part of the motion, but will bend and fpread 
every way into the quiefcent medium, which lies beyond the ob- 
ftacle ( J ). Gravity tends downwards; but the prefTure of water, 
ariflng from gravity, tends every way with equal force ; and is 
propagated as readily, and with as much force, fideways as down- 
wards, and through crooked paffages as through ftrait ones. The 
waves on the furface of ftagnating water, paffing by the fides of 
a broad obftacle which ftops part of them, bend afterwards, and 
dilate themfelves gradually into the quiet water behind the ob- 
ftacle. The waves, pulfes or vibrations of the air, wherein founds 
confift, bend manifeftly ; though not fo much as the waves of 
water. For a bell, or a cannon, may be heard beyond a hill, 
which intercepts the fight of the founding body; and founds are 
propagated as readily through crooked pipes, as through ftreight 
ones. But light is never known to follow crooked paffages, nor 
to bend into the fhadow. For the fixed ftars, by the interpofi- 
tion of any of the planets, ceafe to be feen. And fo do the parts 
of the fun by the interpofition of the moon, Mercury or Venus, 
The rays, which pafs very near to the edges of any body, are bent 
a little by the a&ion of the body, as we fhewed above ; but this 

(') Princip. Lib. II. Prop. xiii. 
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bending is not towards, but from the fhadow, and is performed ^ 
only in the paffage of the ray by the body, and at a very fmall™ 11 ' 
diftance from it. So foon as the ray is paft the body, it goes 
right on. 

To explain the unufual refraction of ifland cryftal by preffion 
or motion propagated, has not hitherto been attempted (to my 
knowledge) except by Huygens; who for that end fuppofed two 
feveral vibrating mediums within that cryftal. But when he 
tried the refractions in two fucceffive pieces of that cryftal, and 
found them fuch as is mentioned above : he confeffed himfelf at 
a lofs for explaining them. For preflions or motions, propagated 
from a fhining body through an uniform medium, muft be on all 
fides alike; whereas by thofe experiments it appears, that the 
rays of light have different properties in their different fides. He 
fufpe&ed that the pulfes of dfber, in paffing through the firft 
cryftal, might receive certain nevv modifications ; which might 
determine them to be propagated in this or that medium within 
M*is P , U r d irec m the feGond cr y ftal > ^cording to the pofition of 
Znfjffi '£ \u?L r % that CI *y ftaL But what modifications thofe might 
S/?' 5 p.f, delalumi " be > ^ ecou W not fay; nor think of any thing 
fatisfactory in that point. And if lie had known 
that the unufual refraction depends not on new modifications, but 
on the original and unchangeable difpofitions of the rays, he 
would have found it as difficult to explain how thofe difpofitions, 
which he fuppofed to be imprefled on the rays by the firft cryftal, 
could be in them before their incidence on that cryftal ; and in 
general, how all rays, emitted by fhining bodies, can have thofe 
difpofitions in them from the beginning. To me, at leaft, this 
feems inexplicable, if light be nothing elfe than preffion or mo- 
tion propagated through aiher. 

And it is as difficult to explain by thefe hypothefes, how rays 
ran be alternately in fits of eafy Reflexion and eafy Tranfmiffion ; 
unlefs perhaps one might fuppofe, that there are in all fpace two 
ethereal vibrating mediums, and that the vibrations of one of 
them conftitute light, and the vibrations of the other are fwifter, 
and as often as they overtake the vibrations of the Firft, put them 

Vol. IV. if h into 
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Query into thofe firs ( m ). But how two atbers can be diffufed through 
nXa all fpace, one of which afts upon the other, and by confequence 
matter is re _ a a e d upon, without retarding, (battering, difperfing and 
confounding one another's motions, is inconceivable. And againft 
filling the heavens with fluid mediums, unlefs they be exceeding 
rare, a great objection arifes from the regular and very lafting 
motions of the planets and comets in all manner of courfes 
through the heavens. For thence it is manifeft, that the heavens 
are void of all fenfible refiftance, and by confequence of all fen- 
fible matter. 

For the refifting power of fluid mediums arifes partly from 
the attrition of the parts of the medium, and partly from the 
vis inertia of the matter. That part of the refiftance of a fphe- 
rical body, which arifes from the attrition of the parts of the medi- 
um, is very nearly as the diameter ; or at the moft, as the faBum 
of the diameter, and the velocity of the fpherical body together* 
And that part of the refiftance, which arifes from the vis inertia. 
of the matter, is as the fquare of that faSium ( n ). And by this- 
difference the two forts of refiftance may be diftinguifhed from 
one another in any medium ; and thefe being diftinguifhed, it 
will be found that almoft all the refiftance of bodies of a compe- 
tent magnitude, moving in air, water, quick-filver, and fuch like 
fluids, with a competent velocity , arifes from the vis inertia of 
the parts of the fluid. 

Now that part of the refifting power of any medium, which* 
arifes from the tenacity, friction or attrition of the parts of the; 
medium, may be diminifhed by dividing the matter into fmaller 
parts, and making the parts more fmooth and flippery : but that 
part of the refiftance, which arifes from the vis inertia 9 is propor~ 
tional to the denlity of the matter, and cannot be diminifhed by 
dividing the matter into fmaller parts* nor by any other means 

than 

( m ) The remaining part of this paragraph, in the firfl of the two Latin cditioni of Br. Clarke, 
ftood thus. Verum duo ibi confingere .^Etherum genera, ubi nulla ratio cogat ut vel unum qui- 
dem adruittamus ; exiflimare porro due j3£therum genera ita in omnia fpatio un4 inefle poffe, ut 
tamen invicem non in f ermifceantur, nec in unum Medium coeant ; comminifci dt-nique duo ilia 
jEtherum genera difon&as ita habere poffe vibrationes, ut tamen duo Luminis genera r.cn con- 
ftituant ; ha? quidem mihi videntur difficultates inexpl'icabiles. Prseterea nulla elite omnhio iftiuf- 
modi media fluida, iade colligo, quod Planets & Comet* r«gulari adco & Auturno motu per 

fpatia 
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than by decreafing the denlity of the medium. And for thefe Query 
reafons the denfity of fluid mediums is very nearly proportional 

in the plane- 
tO their refiftance. Liquors which differ not much in denfity, as tary rcsions ' 
water, fpirit of wine, fpirit of turpentine, hot oil, differ not 
much in refiftance. Water is thirteen or fourteen times lighter 
than quick-filver, and by confequence thirteen or fourteen times 
rarer ; and its refiftance is lefs than that of quick-filver in the fame 
proportion, or thereabouts, as I have found by experiments made 
with pendulums. The open air, in which we breathe, is eight or 
nine hundred times lighter than water, and by confequence eight 
or nine hundred times rarer ; and accordingly its refiftance is lefs 
than that of water in the fame proportion, or thereabouts ; as I 
have alfo found by experiments made with pendulums (°). And 
in thinner air the refiftance is ftill lefs; and at length, by ratify- 
ing the air, becomes infenfible. For fome feathers falling in the 
open air meet with great refiftance ; but in a tall glafs, well emp- 
tied of air, they fall as faft as lead or glafs, as I have feen tried 
feveral times. Whence the refiftance feems ftill to decreafe in 
proportion to the denfity of the fluid. For I do not find by any 
experiments, that bodies moving in quick-filver, water or air, 
meet with any other fenfible refiftance, than what arifes from the 
denfity and tenacity of thofe fenfible fluids; as they would do, if 
the pores of thofe fluids, and all other fpaces, were filled with a 
denfe and fubtile fluid (P). Now if the refiftance in a veffel, 
well emptied of water, was but an hundred times lefs than in the 
open air, it would be about a million of times lefs than in quick- 
filver. But it feems to be much lefs in fuch a veffel ; and ftill 
much lefs in the heavens, at the height of three or four hun- 
dred miles from the earth, or above. For Mr. Boyle has fhewed, 
that air may be rarifieel above ten thoufand times in veffels of 
glafs ; and the heavens are much emptier of air, than any va- 
cuum we can make below. For fince the air is compreffed by the 
weight of the incumbent atmofpherc, and the denfity of air is 

fpatia crfeftia undlirue h quaquaverfum fc in emnes partes fcrantw. Inde enirn liquet fpatia c*- 
leftia omnis fenlibilis refiilentix, & conieqtienter omnis fenlibilis matcru-, expeim el.e. 

In the fecond E>, s i;jh edition, and ail that fucceeded, it appeared as we uow give it. 

(") Princip. Lib. II. Prop. xxxv. Cor. 5. and Prop, xkxyiii. Cor. r. 

O Princip. Lib. T[. Sect. vi. Scholium. 

I 1 ') Sec Princip. Lib. II. Sea. vi. Scholium to',v;>.rd* the end. _ 

II h 2 .proportional 
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Query proportional to the force comprefling it ; it follows by computa- 
No denfe tion, that at the height of about feven and a half Englifh miles 
from the earth, the air is four times rarer than at the furface of 
the earth ; and at the height of 1 5 miles, it is fixteen times rarer 
than that at the furface of the earth ; and at the height of 22^, 
30, or 38 miles, it is refpectively 64, 256, or 1024 times rarer, 
or thereabouts ; and at the height of 76, 152, 228 miles, it is 
about 1000000,1000000000000 or 1000000000000000000 
times rarer ; and fo on (3). 

Heat promotes fluidity very much, by diminifhmg the tenacity 
of bodies. It makes many bodies fluid, which are not fluid in 
cold ; and increafes the fluidity of tenacious liquors, as of oil, bal- 
fam and honey, and thereby decreafes their refiftance. But it 
decreafes not the refiftance of water confiderably ; as it would do, 
if any confiderable part of the refiftance of water arofe from 
the attrition, or tenacity, of its parts. And therefore the refift- 
ance of water arifes principally, and almoft entirely, from the vis 
inertia of its matter ; and by confequenee, if the heavens were 
as denfe as water, they would not have much lefs refiftance than 
water; if as denfe as quick- filver, they would not have much 
lefs renftance than quick-filver ; if abfolutely denfe, or full of 
matter without any vacuum, let the matter be never fo fubtile 
and fluid, they would have a greater refiftance than quick-filver. 
A fohd globe in fuch a medium would lofe above half its motion 
in moving three times (0 the length of its diameter; and a globe 
not fohd, fuch as are the planets, would be retarded fooner. And 
therefore to make way for the regular and lafting motions of the 
planets and comets, it is necefTary to empty the heavens of all 
matter ; except perhaps fome very thin vapours, fteams or efflu- 
via, anfing from the atmofpheres of the earth, planets and co- 
mets and from fuch an exceeding rare ethereal medium as we 
uefenbed above. A denfe fluid can be of no ufe for explaining 

of C ZS^tl 7 { % ° f V 3,1 he ' ,ghts ab0ve the earth '* furface, fee the fixth Sec 

acW J Bar ° meter pubHfl5ed in the Volume of the Philofophical Tranf- 

globe mTvSn'rfluid J? Aut ^ r **7» r to ™ ke fuppofition of a folid, or abfolutely denfe 
5»e fldd,™ g e «n it l f2"Z t of the S bbc is ^d equal to that of 

Princip. -co^g to L 4 th Co, of 
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the phaenomena of Nature, the motions of the planets and co- Query 
xnets being better explained without it ( s ). It ferves only to dif-™"p!ane- 
turb and retard the motions of thofe great bodies, and make the tary regi0DS * 
frame of Nature languifh : and in the pores of bodies, it ferves 
only to flop the vibrating motions of their parts, wherein their 
heat and activity confifts. And as it is of no ufe, and hinders 
the operations of Nature, and makes her languifh; fo there is 
no evidence for its exiftence, and therefore it ought to be rejected. 
And if it be rejected, the hypothefes that light confifts in pref- 
fion or motion propagated through fuch a medium, are rejected 
with it. 

And for rejecting fuch a medium, we have the authority of 
thofe the oldeft and moft celebrated philofophers of Greece and 
Phoenicia, who made a v acuutn and atoms, and the gravity of 
atoms, the firft principles of their philofophy ; tacitly attributing 
gravity to fome other caufe than denfe matter ( c ). Later philofo- 
phers banifli the confideration of fuch a caufe out of Natural 
Philofophy, feigning hypothefes for explaining all things me- 
chanically, and referring other caufes to metaphy licks. Whereas 
the main bufinefs of natural philofophy is to argue from phae- 
nomena without feigning hypothefes, and to deduce caufes from 
effects, till we come to the very Firft caufe ; which certainly is 
not mechanical : and not only to unfold the mechanifm of the 
world, but chiefly to refolve thefe and fuch like Queftions. What 
is there in places [almofi] ( u ) empty of matter, and whence is it 
that the fun and planets gravitate towards one another, without 
[denfe'] ( u ) matter between them ? Whence is it that Nature doth no- 
thing in vain ; and whence arifes all tbat-order and beauty which we 
fee in the world f 7b what end are comets ; and whence is it that 
planets move all one and the fame way in orbs concentrick, while 
comets move all manner of ways in orbs very excentrick; and what 

( s ) A denfe -fluid— without it.} For this fentencc we had ia Dr. Clarke's firft Latin, Materia ilia 
fiaitia & commentitia, qua caeli funt repleti, millo modo utilis eft ad exphcanda Pha-nomena 
Naturae; quando Planetarum quitkm & Cometarum motus, ope Gravitatis melius explicantur 
fine ilia ; gravitafque per illani nondimi fuit explicata. f 

0 — other caufe than denfe matter.] Alii alicui caufe a materia diverfa. Dr. Clarke s hrft 
Latin. 

(") — dmofi~w>] Thefe two words have nothing anfwering to them in Dr. Owv^firft Latin. 
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Qa«y hinders the fixed Jars from fa/ling upon one another ( x ) f How 
xxix. * xame the bodies of animals to be contrived with fo much art, and 
for what ends were their fever al Parts? Was the eye contrived with- 
out Jkill in Opticks, and the ear without knowledge of founds f How 
do the motions of the body follow from the will ; and whence is the 
in flint! in animals f Is not the fenfory of animals that place, to which 
the fenfitive fubflance is prefent; and into which the fenfible fpecies 
of things are carried through the nerves and brain, that there they 
may be perceived by their immediate prefence to that fubjlance f 
And thefe things being rightly difpatcbed, Does it not appear from 
phenomena, that there is a Being incoporeal, living, intelligent, 
omniprefent, who, in infinite fpace, as it were in bis fenfory (y), fees 
the things themfelves intimately, and throughly perceives them, and 
comprehends them wholly by their immediate prefence to himfelf: of 
which things the images only, carried through the organs of fenfe 
into our little fenforiums, are there feen and beheld by that which in 
us perceives and thinks. And though every true ftep made in this 
philofophy brings us not immediately to the knowledge of the 
Firft caufe, yet it brings us nearer to it, and on that account is 
to be highly valued. 

^Ligh?™ * 9 ' Are not the ra y s of % ht vei T fmal l bodies emitted 

from mining fubftances ? For fuch bodies will pafs through uni- 
form mediums in right lines, without bending into the fliadow; 
which is the nature of the rays of light. They will alfo be ca- 
pable of feveral properties, and be able to conferve their proper- 
ties unchanged in patting through feveral mediums ; which is 
another condition of the rays of light. Pellucid fubftances ad 
upon the rays of light, at a diftance, in refrading, reflecting and 
inflecting them ; and the rays mutually agitate the parts of thofe 
fubftances at a diftance, for heating them ; and this adion and re- 
action, at a diftance, very much refembles an Attractive force be- 
tween 

£i^h7R T t£!i Sfa " A ' mfaB!ns ^ Quo minus So1 & Stdlx fix * in fc mutu6 irruant * Dr * 

{") — in infinite Jpace as It were in his fi'fio'y-] 

I am 
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tween bodies. If refraction be performed by attraction of the Query 
rays, the fines of incidence muft be to the fines of refraction in* 
a given proportion ; as we fhewed in our principles of philofo- 
phy ( z ) : and this rule is true by experience. The rays of light, 
in going out of glafs into a vacuum, are bent towards the glafs ;, 
and if they fall too obliquely on the vacuum, they are bent back- 
wards into the glafs, and totally reflected ; and this reflexion can- 
not be afcribed to the refiftance of an abfolute vacuum, but muft 
be caufed by the power of the glafs attracting the rays at their 
going out of it into the vacuum* and bringing them back. For 
if the farther furface of the glafs be moiftened with water or 
clear oil, or liquid and clear honey ; the rays, which would 
other wife be reflected, will go into the water, oil, or honey ; and 
therefore are not reflected, before they arrive at the farther fur- 
face of the glafs, and begin to go out of it. If they go out of 
it into the water, oil or honey \ they go on, becaufe the attraction 
of the glafs is almoft balanced, and rendered ineffectual by the 
contrary attraction of the liquor. But if they go out of it into 
a vacuum, which has no attraction to balance that of the glafs 
the attraction of the glafs either bends and refracts them, or 
brings them back and reflects them. And this is ftill more evi- 
dent by laying together two prifms of glafs, or two object-glafles 
of very long telefcopes, the one plane, the other a little convex* 
and fo comprefling them that they do not fully touch, nor are 
too far afunder. For the light, which falls upon the farther fur- 
face of the firft glafs, where the interval between the glafles is 
not above the ten hundred thoufandth part of an inch, will go* 
through that furface, and through the air or vacuum between ther 
glalfes, and enter into the fecond glafs ; as was explained in the 
firft, fourth and eighth Obfervations of the firft Part of the fe- 
cond Book. But if the fecond glafs be taken away \ the light,, 
which goes out of the fecond furface of the firft glafs into the 
air or vacuum, will not go on forwards, but turns back into the 

J am not fingular in imagining a refcmblance between Sir Ifiaac Newt**'* notion of fpace as the 
fenfory of God, and that which we find ia thefe Orphic 



rphic Verfes. The learned Gefntr has remarked 
■ , quatenus iUudfenferium quoddam. 
tolerable io. poetry than in phi~ 

C 1 ) Princip^Lib.II. Prop..xciT. 



n • Hisver J ib ^f ottrat, ' ti Clarckiiit adnaturam JpafiS«ideclarandam, qvatenus iUudfenforiumjuoddat*. 
tofoph f ' ? ulavit ' I 1 muft be confeflcd, this opinioa is more t 
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Query xxix. firft glafs, and is refleaed ; and therefore it is drawn back by the 
power of the firft glafs, there being nothing elfe to turn it back. 
Nothing more is requifite for producing all the variety of colours 
and degrees of refrangibility, than that the rays of light be bo- 
dies of different fizes ; the leaftof which may make Violet, the 
weakeft and darkeft of the colours, and be more eafily diverted 
by Refrading furfaces from the right courfe ; and the reft, as 
they are bigger and bigger, may make the ftronger and more lu- 
cid colours, Blue, Green, Yellow and Red, and be more and more 
difficultly diverted. Nothing more is requifite for putting the 
rays of light into fits of eafy Reflexion and eafy Tranfmifiion, 
than that they be final] bodies, which by their attraaive powers, 
or fome other force, ftir up vibrations in what they aa upon ; 
which vibrations being fwifter than the rays, overtake them fuc- 
ceffively, and agitate them ; fo as by turns to increafe and decreafe 
their velocities, and thereby put them into thefe fits. Andlaft- 
Jy, the unufual refraaion of ifland cryftal looks very much as if 
it were performed by fome kind of Attraaive virtue, lodged in 
.certain fides both of the rays, and of the particles of the cryftal. 
For were it not for fome kind of difpofition, or virtue, lodged in 
fome fides of the particles of the cryftal, and not in their other 
fides, and which inclines and bends the rays towards the coaft of 
tmnfual refraaion ; the rays, which fall perpendicularly on the 
cryftal, would not be refraaed towards that coaft rather than to- 
Warcfe any other coaft, both at their incidence and at their emer- 
gence, fo as to emerge perpendicularly, by a contrary fituatiOn of 
the coaft of unufual refraaion, at the fecond furfaee; the cryftal 
aaing upon the rays, after they have pafied through it and are 
emerging into the air, or, if you pleafe, into a vacuum. And 
fince the cryftal by this difpofition or virtue does not aa upon the 
rays, unlefs when one of their fides of unufual refraaion looks 
towards that coaft; this argues a virtue or difpofition in thofe fides 
of the rays, which anfwers to and fympathizes with that virtue 
or difpofition of the cryftal, as the poles of two magnets anfwer 
to one another. And as magnetifm may be intended and remit- 
ted, and is found only in the magnet and in iron : fo this virtue, 
of refrading the Perpendicular, rays is greater in ifland cryftal, 
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lefs in cryftal of the rock, and is not yet found in other bodies. Qs«i» 
I do not fay that this virtue is Magnetical; it feems to be of an-*'™' x *** 
other kind : I only fay, that whatever it be, it is difficult to con- 
ceive how the rays of light, unlefs they be bodies, can have a 
permanent virtue in two of their fides, which is not in their other 
fides ; and this without any regard to their pofition to the fpace, 
or medium, through which they pafs. 

What I mean in this Queftion by a vacuum, and by the at- 
traaions of the rays of light towards glafs or cryftal, may be un- 
derftood by what was faid in the 1 8th, 19th and 20th Ques- 
tions ( aa ). 

^#.30. Are not grofs bodies and light convertible illtO One Mutual con. 
another ; and may not bodies receive much of their aaivity from groSief 
the particles of light which enter their compofition ? For • a u ,ndu * bt ' 
Fixed bodies, being heated, emit light fo long as they continue 
fufnciently hot; and light mutually flops in bodies, as often as 
its rays ftrike upon their parts, as we fhewed above. I know 
no body lefs apt to fhine than water; and yet water, by frequent 
diftillations, changes into fixed earth, as Mr. Boyle has tried ; and 
then this earth, being enabled to endure a fuflicient heat, fhines 
by heat like other bodies. 

The changing of bodies into light, and light into bodies, is 
very conformable to the courfe of Nature, which feems delight- 
*ed with tranfmutations. Water, which is a very fluid taftelefs 
fait, ftie changes by heat into vapour, which is a fort of air ; 
and by cold into ice, which is a hard, pellucid, brittle, fufible 
ftone ; and this ftone returns into water by heat, and vapour re- 
turns into water by cold. Earth by heat becomes fire, and by 
«old returns into earth. Denfe bodies by fermentation rarify into 
Several forts of air ; and this air by fermentation, and fome- 
times without it, returns into denfe bodies. Mercury appears ., 
fometimes in the form of a fluid metal; fometimes in the form 
of a haTd brittle metal ; fometimes in the form of a corrofive 
pellucid fait, called fublimate ; fometimes in the form of a tafte- 
lefs, pellucid, volatile white earth, called Mercurius dulcls ; or in 
that of a red opake volatile earth, called Cinnabar ; or in that of 

(") This laft paragraph of this Query was not in Dr. Clark's firft Laim, 
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Que.ies a red or white precipitate ; or in that of a fluid fait; and in dif- 
t3tx,xn1, tillation it turns into vapour; and being agitated in vacuo^it fliines 
like fire. And after all thefe changes it returns again into its firft 
form of mercury. Eggs grow from infenlible magnitudes, and 
change into animals ; tadpoles, into frogs ; and worms, into flies. 
All birds, beafts and fifties, infedts, trees,, and other vegetables, 
with their feveral parts, grow out of water and watery tindures 
and falts ; and, by putrefaction, return again into watery fub- 
ftances. And water, ftanding a few days in the open air, yields 
a tincture, which (like that of malt) by ftanding longer yields- a 
fediment and a fpirit ; but before putrefaction is fit nourifhment 
for animals and vegetables. And among fuch' various and ftrange 
tranfmutations, why may not Nature change bodies into light* 
and light into bodies ( bb ) ? 

aSLs. 31 * Have not the fma11 P article s of bodies certain powers^ 

virtues or forces, by which they aft at a diftanee, not only upon 
the rays of light for reflecting, refraaing and inflecting them, 
but alfo upon one another, for producing a great part of the 
phenomena of Nature ? For it is well known, that bodies- act 
one upon another by the attractions of gravity, magnetifm and 
elearicity ; and thefe inftances fhew the tenor and courfe of Na- 
ture, and make it not improbable, but that there may be more 
Attractive powers than thefe. For Nature is very confonant and 
conformable to herfelf. How thefe attractions may be perform- 
ed, I do not here confider. What I call attraaion, may be per- 
formed by Impulfe, or by fome other means unknown to me. I 

ufe 

C b ) In the firft edition of Dr. dark's Latin we find added here what follows : " Jam quidem 
eorum corporum, qua funt ejufdem generis et virtutis, quanto eft quodque minutius, tanto fer- 
tiorem habet, pro ratione magnitudinis fuse, vim attrahentera. Fortior comperta eft ea vis in 
parvis Magnetibus, pro ratione ponderis fui, quam in majoribus : nam parvorum magnetum 
partes, cum fint inter fe proximiores, vires fuas facilius in unum conjungunt. Quocirca radii 
Lumims, cum fint corporum omnium (quod fciamus) minutiffima, expeftandum erit, ut vires at- 
trahentes habere reperiantur omnium fortiffimas. Quam fortes autem ea fint, regula fequente 
colligi potent. Attraftio radii Luminis, pro quantitate materia fuse, eft ad gravitatem quam 
corpus sbquod projectum habet, pro quantitate itidem materia: fux, in compofita ratione veloci- 
iatis radii lumims ad velocitatem corporis illius projefti, & flexure, feu curvatur* lines:, quam 
Radius defcnbit in loco Refraftionis, ad flexuram, feu curvaturam line* quam id corpus projec- 
tum defcnbit ,ta videlicet, fi inclinatio Radii ad fuperficiem refringentem eadem fit, qua: eft cor- 
poris ilhus projecli ad Horizontem. Atque ex hac quidem proportione colligo, attraaionem 
Kadiorum Luminis efTe amplius 1000000000000000 partibus majorem quam Gravitatem corporum 
in luperficie Terrs, pro quantitate materia; quae in eis inert; fi fcilicet lumen e Sole in Terram 

circite* 



OPTICS. 243 
ufe that word here to iignify only in general any force by which Eleaive 
bodies tend towards one another, whatfoever be the caufe. For Attraaions - 
we muft learn, from the phaenomena of Nature, what bodies at- 
trad one another, and what are the laws and properties of the 
attraaion, before we enquire the caufe by which the attraction is 
performed. The attradions of gravity, magnetifm and electri- 
city, reach to very fenfible diftances, and fo have been obferved 
by vulgar eyes ; and there may be others which reach to fo fmall 
diftances as hitherto efcape obfervation ; and perhaps electrical 
attraaion may reach to fuch fmall diftances, even without being 
excited by friaion. 

For when fait of tartar runs per deliquium, is not this done by 
an attraaion between the particles of the fait of tartar, and the 
particles of the water, which float in the air in the form of va- 
pours ? And why does not common fait, or falt-petre, or vitriol, 
run per deliquium, but for want of fuch an attraaion ? Or why- 
does not fait of tartar draw more water out of the air, than in a 
certain proportion to its quantity, but for want of an attraaive 
force after it is fatiated with water ? And whence is it but from 
this Attraaive power that water, which alone diftills with a gen- 
tle lukewarm heat, will not diftill from fait of tartar without a 
great heat ? And is it not from the like Attraaive power between 
the particles of oil of vitriol and the particles of water, that oil 
of vitriol draws to it a good quantity of water out of the air ; and 
after it is fatiated draws no more, and in diftillation lets go the 
water very difficultly ? And when the water and oil of vitriol, 
poured fucceihvely into the fame vefFel, grow very hot in the 

^rciter feptem vel ofto minutorum fpatio pervenit. Et in ipfo radiorum contaau, eorum vis 
in 11° , ma jor efie poteft. Tanta autem vis in radiis non poteft non ingentes effeaus obtinere 
^ ls maten * particulis, quibufcum in corporibus componendis conjunfti fint ; ad efficiendum, 
particuloc ill* fe invicem attrahant, & inter fe moveantur. Qua: res ut melius intelligatur, 
vysttionem fequentem proponam. 

All this was omitted in the fecond Englijh, and all the ficceeding editions. The Rule given for 
^omparing the accelerative attraction of the rays of Light with the aecelerative force of Gra- 
ved • err ° ne ° US - ! - ° Ur Author havi "g P ut tIle iimple inftead of the duplicate proportion of the 
to th^f 63 ' cor P 1I '' : ' es defcribe orbits about two different centers ; when the radii drawn 

pro enters . aree< l uul] y inclined to the curves, the accelerative forces will bear to each other a 
Dro P ° rtl0n> whicl1 wil1 ^ e compounded of the duplicate proportions of the velocities, and the 
draw 0 "' 0 " ° f curvatures - The moft fim P le cafc of tllis Theorem, which is when the radius, 

awn to the center of the forces in each orbit, is perpendicular to the curve, is demonftrated in my 
ftrat" UP f" XXVIUth Proportion of the third Book of the Principia. And from the demon- 
ion of that cafe, the Mathematical Reader will perceive the truth of the general Proportion. 
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Eieaive mixing, does not this heat argue a great motion in the parts of 
the liquors? And does not this motion argue, that the parts of the 
two liquors, in mixing, coalefce with violence; and by confe- 
quence, rufh towards one another with an accelerated motion ? 
And when aqua fortis, or fpirit of vitriol, poured upon filings of 
iron, diflblves the filings with a great heat and ebullition, is not 
this heat and ebullition effected by a violent motion of the parts ? 
And does not that motion argue, that the acid parts of the liquor 
rufh towards the parts of the metal with violence, and run for- 
cibly into its pores, till they get between its outmoft particles and 
the main mafs of the metal, and furrounding thofe particles 
loofen them from the main mafs, and fet them at liberty to float 
off into the water ? And when the Acid particles, which alone 
would diftill with an eafy heat, will not feparate from the parti- 
cles of the metal without a very violent heat, doth not this con- 
firm the attraction between them ? 

When fpirit of vitriol, poured upon common fait, or fait- pe- 
tre, makes an ebullition with the fait and unites with it; and in 
diflillation the fpirit of the common fait or falt-petre comes over 
much eafier than it would do before; and the acid part of the 
fpirit of vitriol flays behind ; does not this argue, that the fixed 
alcaly of the fait attracts the acid fpirit of the vitriol more flrong- 
ly than its own fpirit; and not being able to hold them both, lets 
go its own ? And when oil of vitriol is drawn off from its weight 
of nitre, and from both the ingredients a compound fpirit of nitre 
is diftilled, and two parts of this fpirit are poured on one part of 
oil of cloves or caraway feeds, or of any ponderous oil of Vege- 
table or Animal fubflances, or oil of turpentine thickened with 
a little balfam of fnlphur, and the liquors grow fo very hot in 
mixing, as prefently to fend up a burning flame : does not this 
very great and fudden heat argue, that the two liquors mix with 
violence ; and that their parts, in mixing, run towards one an- 
other with an accelerated motion, and clam with the greateft 
force ? And is it not for the fame reafon that well rectified fpirit 
of wine, poured on the fame compound fpirit, flames; and that 
the Pulvis fulminant, compofed of fulphur, nitre, and fait of 
tartar, goes off with a more fudden and violent explofion than 
7 gun- 
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gun-powder ; the Acid fpirits of the fulphur and nitre rufhing Attra&ons* 
towards one another, and towards the fait of tartar, with fo great 
a violence, as by the fhock to turn the whole at once into vapour 
and flame ? Where the difiolution is flow, it makes a flow ebul- 
lition and a gentle heat ; and where it is quicker, it makes a 
greater ebullition with more heat ; and where it is done at once, 
the ebullition is contracted into a fudden blaft or violent explo- 
fion, with a heat equal to that of fire and flame. So when a 
drachm of the above-mentioned compound fpirit of nitre was 
poured upon half a drachm of oil of caraway feeds in vacuo ; 
the mixture immediately made a flalh like gun-powder, and burft 
the exhaufted receiver, which was a glafs fix inches wide, and 
eight inches deep. And even the grofs body of fulphur pow- 
dered, and with an equal weight of iron filings, and a little wa- 
ter made into pafte, acts upon the iron ; and in five or fix hours- 
grows too hot to be touched, and emits a flame. And by thefe 
experiments, compared with the great quantity of fulphur with 
which the earth abounds, and the warmth of the interior parts 
of the earth, and hot fprings, and burning mountains* and with 
damps, mineral corruptions, earthquakes, hot fuffocating exha- 
lations, hurricanes and fpouts ; we may learn, that fulphureous 
fleams abound in the bowels of the earth and ferment with mi- 
nerals, and fometimes take fire with a fudden corrufcation and ex- 
plofion ; and if pent up in fubterraneous caverns, burft the ca- 
verns with a great fhaking of the earth, as in fpringing of a 
mine. And then the vapour, generated by the explofion, ex- 
piring through the pores of the earth, feels hot and fuffocates; 
and makes tempefts and hurricanes ; and fometimes caufes the 
land to Aide, or the fea to boil; and carries up the water thereof 
in drops, which by their weight fall down again in fpouts. Alfa 
fome fulphureous fleams, at all times when the earth is dry, aP 
cending into the air, ferment there with Nitrous acids; and, fome- 
times taking fire, caufe lightning and thunder, and fiery me- 
teors. For the air abounds with acid vapours fit to promote fer- 
mentations; as appears by the rufting of iron and copper in it,, 
the kindling of fire by blowing, and the beating of the heart by 
mean? of refpiration. Now the above-mentioned motions are fo 

great 
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great and violent, as to fhew that in fermentations, the particles 
of bodies which almoft reft, are put into new motions by a very 
potent principle, which acts upon them only when they approach 
one another, and caufes them to meet and clafh with great vio- 
lence, and grow hot with the motion, and dafh one another into 
pieces, and vanifh into air, and vapour, and flame- 
When fait of tartar per deliquium, being poured into the folu- 
tion of any metal, precipitates the metal, and makes it fall down 
to the bottom of the liquor in the form of mud : does not this 
argue, that the Acid particles are attracted- more ftrongly by the 
fait of tartar than by the metal, and by the ftronger attraction go 
from the metal to the fait of tartar ? And fo when a folution of 
iron in Aqua fortis diflblves the Lapis Calaminaris, and lets go the 
iron ; or a folution of copper diflblves iron immerfed in it, and 
lets go the copper.; or a folution of filver diflblves copper, and 
lets go the filver ; or a folution of mercury in Aqua fortis, being 
poured upon iron, copper, tin or lead 4 , diflblves the metal and 
lets go the mercury : does not this argue, that the Acid particles 
of the Aquafortis are attracted more ftrongly by the Lapis Cala- 
minaris than by iron; and more ftrongly by iron, than by cop- 
per ; and more -ftrongly by copper, than by filver ; and more 
ftrongly by iron, copper, tin and lead, than by mercury ? And is 
it not for . the fame reafon that iron requires more Aqua fortis to 
diflblve it than copper, and copper more than the other metals; 
and that of all metals, iron is diffblved moft eafily, and is moft 
apt to ruft ; and next after iron, copper ? 

When oil of vitriol is mixed with a little water, or is run per 
-deliquium, and in diftillation the water afcends difficultly, and 
brings over with it fome part of the oil of vitriol in the form ©f 
fpirit of vitriol, and this fpirit being poured upon iron, copper, 
or fait of tartar, unites with the body and lets go the water : 
doth not this fliew, that the Acid fpirit is attraded by the water, 
and more attraded by the Fixed body than by the water, and 
therefore lets go the water toclofe with the fixed body? And is it 
not for the fame reafon that the water and Acid fpirits, which are 
mixed together in vinegar, Aquafortis, and fpirit of fait, cohere 
and rife together in diftillation ,; but if the menjlruum be poured 

on 
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on fait of tartar, or on lead or iron, or any Fixed body which it Attractions, 
can diflblve, the. acid by a ftronger attradion adheres to the body, , 
and lets go the water ? And is it not alfo from a mutual attrac- 
tion, that the fpirits of foot and fea-falt unite and compofe the 
particles of fal-armoniac ; which are lefs volatile than before, be^ 
caufe grofler and freer from water ; . and that the particles of fal- 
armoniac in fublimation carry up the particles of antimony^ 
which will not fublime alone ; , and that? the particles of mercury 
uniting with the , acid particles of . fpirit of fait, compofe mercury 
fublimate ; and with the particles of fulphur, compofe cinnabar; - 
and that the particles of fpirit- of wine- and fpirit of urine well 
rectified unite and,, letting go the water which diflblved themj 
compoie a confiftent body ; and that in fubliming cinnabar from 
fait of tartar, or from quick lime, the fulphur, by a ftronger at^ 
traction of the fait or lime, lets gp the mercury, and flays with 
the fixed body; and that when- mercury fublimate is fublimed 
from antimony,, or from regulus of antimony, the fpirit of fait 
lets go the mercury,, and unites with the antimonial metal,,- which 
attracts it more ftrongly •. and flays with it, till the heat be great 
enough to make them both afcend together ;. and then carries up 
the metal with it in the form of a very fufible fait, called butter 
of antimony ; although the fpirit of fait alone be. almoft as vola* 
tile as water, and the antimony alone as fixed as lead ? 

When Aqua fortis diflblves -filver and not gold, 2nd -Aqua regia • 
diflblves gpld and not filver; may it not be faid, that Aqua fortis is 
fubtile enough to penetrate gold, .as well as filver, , but wants the 
Attractive force to give it entrance ; and that Aqua regia is fub- 
tile enough to penetrate filver as well as gold, but wants the At- 
tractive force to give it entrance ? For Aqua regia is nothing elfe 
than Aqua fortis . mixed with fome fpirit of fait, or with fal-ar- 
moniac ;, and even common fait, . diflblved in Aqua forth ; enables 
the menfiruum to dilfolve gold, though the fait be a grofs body. 
When therefore fpirit of fait precipitates filver out of Aquafor^- 
iis ; is it not done by attracting and mixing with the Aqua for tis^ 
and not attrading,. or perhaps repelling filver? And when water- 
P r ecipitates antimony out of the fublimate of antimony and hU 
armoniac, or out of butter of antimony ; is it not done by its 
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Elective diffolving, mixing with, and weakening the fal-armoniac or fpi- 
rit of fait, and its not attracting, or perhaps repelling the anti- 
mony ? And is it not for want of an Attractive virtue between 
the parts of water and oil, of quick-filver and antimony, of lead 
and iron, that thefe fubftances do not mix ; and by a weak at- 
traction, that quick-filver and copper mix difficultly ; and from 
a ftrong one, that quick-filver and tin, antimony and iron, water 
and falts, mix readily ? And in general, is it not from the fame 
principle that heat congregates homogeneal bodies, and feparates 
heterogeneal ones ? 

When arfnick with foap gives a regulus, and with mercury 
fublimate a volatile fufible fait, like butter of antimony; doth not 
this fhew, that arfnick, which is a fubftance totally volatile, is 
•compounded of fixed and volatile parts, ftrongly cohering by a 
mutual attraaion, fo that the volatile will not afcend without car- 
rying up the fixed ? And fo, when an equal weight of fpirit of 
wine and oil of vitriol are digefted together, and in diftillation 
yield two fragrant and volatile fpirits, which will not mix with 
one another, and a fixed black earth remains behind ; doth not 
this fliew, that oil of vitriol is compofed of volatile and fixed 
parts ftrongly united by attraction, fo as to afcend together in 
form of a volatile, acid, fluid fait, until the fpirit of wine attracts 
and feparates the volatile parts from the fixed ? And therefore, 
lince oil of fulphur per campanam is of the fame nature with 
oil of vitriol, may it not be inferred, that fulphur is alfo a mix- 
ture of volatile and fixed parts fo ftrongly cohering by attraaion, 
as to afcend together in fublimation. By diffolving flowers of 
fulphur in oil of turpentine, and diftilling the folution, it is 
found that fulphur is compofed of an inflammable thick oil or 
fat bitumen, an acid fait, a very fixed earth, and a little metal. 
The three firft were found not much unequal to one another, the 
fourth in fo fmall a quantity as fcarce to be worth confidering^ 
The Acid fait, diffolved in water, is the fame with oil of ful- 
phur per campanam ; and abounding much in the bowels of the 
>earth, and particularly in markafltes, unites itfelf to the other 
ingredients of the markafite, which are, bitumen, iron, copper 
and earth, and with them compounds alume, vitriol and fulphur. 

With 



With the earth alone it compounds alum ; with the metal alone, Amadous., : 
or metal and earth together, it compounds vitriol ;' and with the 
bitumen and earth it compounds fulphur. Whence it comes to 
pafs, that markafltes abound with thofe three minerals. And is it 
not from the mutual attraction of the ingredients, that they ftick 
together for compounding thefe minerals, and that the bitumen 
carries up the other ingredients of the fulphur, which without 
it would not fublime ? And the fame queftion may be put con- 
cerning all, or almoft all the grofs bodies in nature. For all the 
j>arts of animals and vegetables are compofed of fubftances vola- 
tile and fixed, fluid and folid, as appears by their analyfis ; and 
fo are falts and minerals, fo far as chemifts have been hitherto 
able to examine their compofition. 

When mercury fublimate is re-fublimedwith frefh mercury, and 
becomes mercurius dulcis, "which is a white taftelefs earth fcarce 
diffolvable in water; and mercurius du/cis, re-fublimed with fpirit 
of f .It, returns into mercury fublimate ; and when metals, cor- 
roded with a little Acid, turn into ruft, which is an earth tafte- 
lefs and indiffolvable in water; and this earth, imbibed with more 
acid, becomes a metallic fait ; and when fome ftones, as fpar of 
lead, diffolved in proper 7nenjlruums, become falts : do not thefe 
things fliew, that falts are dry earth and watery acid united by at- 
traction ; and that the earth will not become, a fait without fo 
much acid as makes it diffolvable in water ? Do not the fliarp and 
pungent taftes of acids arife from the ftrong attraaion, whereby 
the acid particles rulli upon and agitate the particles of the 
tongue ? And when metals are diffolved in acid menjlruums, and 
the acids, in conjundion with the metal, ad after a different 
manner; fo that the compound has a different tafte, much milder 
than before, and fometimes a fweet one : is it not becaufe the 
acids adhere to the metallic particles, and thereby lofe much of 
their activity ? And if the acid be in too fmall a proportion to 
make the compound diffolvable in water, will it not, by adhering 
ftrongly to the metal, become unadive and lofe its tafte, and the 
compound be a taftelefs earth? For fuch things, as are not diffolv- 
able by the moifture of the tongue, aCt not upon the tafte. 
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Eieawe As gravity makes the fea flow round the denfer and weightier 
parts of the globe of the earth ; fo the attraction may make the 
watery acid flow round the denfer and compacter particles of 
earth, for compofing the particles of fait. For otherwife the 
acid would not do the office of a medium between the earth and 
common water, for making falts diffolvablc in the water ; nor 
would fait of tartar readily draw off the acid from diflblved me- 
tals, nor metals the acid from mercury. Now as in the great 
globe of the earth and fea, the denfeft bodies by their gravity fink 
down in water, and always endeavour to go towards the center of 
the globe ; fo in particles of fait, the denfeft matter may always 
endeavour to approach the center of the particle : fo that* a parti- 
cle of fait may be compared to a chaos ; being denfe, hard, dry, 
and earthy in the center ; and rare, foft, moift, and watery in the 
circumference. And hence it feems to be, that falts are of a 
lafting nature, being fcarce deftroyed, unlefs by drawing away 
their watery parts by violence, or by letting them foak into the 
pores of the central earth by a gentle heat in putrefaction, until 
the earth be diffolved by the water, and feparated into fmaller 
particles ; which, by reafon of their fmallnefs, make the rotten 
compound appear of a black colour. Hence alfo it may be, that 
the parts of animals and vegetables preferve their forms, and af- 
iimilate their nourifhment; the foft and moift nourifhment ealily 
changing its texture by a gentle heat and motion, till it becomes 
like the denfe, hard, dry, and durable earth in the center of each 
particle. But when the nourifhment grows unfit to be aflimi- 
lated, or the central earth grows too feeble to afiimilate it, the 
motion ends in confufion, putrefaction and death. 

If a very fmaU quantity of any fait or vitriol be diflblved in a 
great nnantity of water, the particles of the fait or vitriol will 
not fmk to the bottom, though they be heavier in fpecie than the 
water ; but win evenly diffufe themfelves into all the water, fo 
as to make it as filine at the top as at the bottom. And does not 
this im •>!;/, that the parts of the fait or vitriol recede from or.e 
another, and endeavour to expand themfelves, and get as far 
afunder as the quantity of water, in which they float, will al- 
low? And docs lot this endeavour imply, that they have a He- 
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pulfive force by which they fly from one another; or, at Ie afteractions, 
that they attract the water more ftrongly than they do one an- 
other ? For as all things afcend in water, which are lefs attra£ed 
than water, by the gravitating power of the earth ; fo all the 
particles of fait which float in water, and are lefs attracted than 
water by any one particle of fait, muft recede from that particle, 
and give way to the more attracted water. 

When any falinc vapour is evaporated to a cuticle and let cool, 
the fait concretes in regular figures ; which argues, that the par- 
ticles of the fait, before they concreted, floated in the liquor at 
equal diftances in rank and file, and by confequence that they 
acted upon one another by fome power, which at equal diftances 
is equal, at unequal diftances unequal. For by fuch a power 
they will range themfelves uniformly, and without it they will 
float irregularly, and come together as irregularly. And fince 
the particles of ifland cryftal act all the fame way upon the rays 
of light, forcauiing the unufual refradfcion ; may it not be fup- 
pofed, that in the formation of this cryftal, the particles not only 
ranged themfelves in rank and file for concreting in regular fi- 
gures, but alfo, by fome kind of polar virtue, turned their ho- 
mogeneal fides the fame way ? 

The pafts of all homogeneal hard bodies, which fully touch 
one another, ftick together very ftrongly. And for explaining 
how this may be, fome have invented hooked atoms, which is 
begging the queftion ; and others tell us, that bodies are glued 
together by Reft ; that is, by an occult quality, or rather by no- 
thing (<W) : ant j others, that they ftick together by confpiring 
motions, that is, by relative Reft amongft themfelves. I had ra- 
ther infer from their cohefion, that their particles attract one an- 
other by fome force, which in immediate contact is exceeding 
ftrong, at fmall diftances performs the Chemical operations above- 
mentioned, and reaches not far from the particles with any fen- 
fible effect. 

All bodies feem to be compofed of hard particles : for other- 
wife fluids would not congeal ; as water, oils, vinegar, and fpirit 
°r oil of vitriol do by freezing ; mercury, by fumes of lead; fpi- 

( Jl ) — by rejl — by nothing.] — Quiete ; hoc eft plane nihilo. Dr. Clarh's firft Latin. 
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ikaive rit of nitre and mercury, by diffolving the mercury and evapo- 
rating theflegm; fpirit of wine and fpirit of urine, bydeflegm- 
ing and mixing them ; and fpirit of urine and fpirit of fait, by 
fubliming them together to make fal-armoniac. Even the rays 
of light feem to be hard bodies ; for otherwife they would not 
retain different properties in their different fides. And therefore 
hardnefs may be reckoned the property of all uncompounded 
matter. At leaft, this feems to be as evident as the imiverfal im- 
penetrability of matter. For all bodies, fo far as experience 
reaches, are either hard, or may be hardened ; and we have no 
oilier evidence of univerfal impenetrability, befides a large expe- 
rience without an experimental exception. Now if compound 
bodies are fo very hard as we find lbme of them to be, and yet 
are very porous, and confift of parts which are only laid toge- 
ther ; the fimple particles which are void of pores, and were ne- 
ver yet divided, muft be much harder. For fhch hard particles 
being heaped up together, can fcarce touch one another in more 
than a few points; and therefore muft be feparable bv much lefs 
force, than is requilite to break a folid particle, whofe parts touch 
in all the fpace between them, without any pores or interfaces- 
to weaken their cohefion. And how fuch very hard particles, 
which are only lard together, and touch only in a few 1 points, can 
ftick together, and that fo firmly as they do, without the aflifr- 
ance of fomething which caufes them to be attracted or preyed 
towards one another, is very difficult to conceive 

The fame thing I infer alfo from the cohering of two polifhed 
marbles in Facw, and from the ftanding of quick-fiiver in the 
barometer at the height of 50, 60 or 70 inches, or above, when- 
ever it is well purged of air and carefully poured in, fo that its- 
parts* 

p 77, atmofplcre^ in w #, t feV.] Inftead of the fcquel of this paragraph, Dr. Clmke's 
fad La hn had what foUbwt, rati 

Nonnulli exiftir.iatH, raarmora ilia compreflh cfle jEthere quodam arnbiente, arrair im.rpie vi- 
vun. ct'iien A.therc furfum In inborn impelli. Verum fi athcriiili tmfitus patct, vefper anjintnm 
viti-m, ve! per vitrum ; fits i non potert, ut isr argent urn vivum furfum in tubum uj-.'odiaN it si 
traiifiti* c.per neiitnini patet, jam non potcrit is permittcre, ut argenttim uvura fu'biidat j qoo- 
modoilludiuDlulttquidcm, fi vitrum iuccutiar.ir, adeoque amentum vivum I fe disjunct ; five 
argentum v:vum habeat in fe butiulas aliquas aeri», qua; impediant, quo minus partes 'einscon- 
' 1,r :?" Kf ' * co *f^ nt inter fe - Arc l» c etiam idem experimcnttim obfcrvatura fuit ia aqua, ab oipni 
pass acre probe depurgata. Qtmm argentum vivum conpbtiim lit fumis pknnbt, vcl rqwa M- 
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•parts be every where contiguous both to one another and to the Attraction*, 
•glafs ( ee ) . The atmofphere by its weight prefles the quick-fil ver 
into the glafs, to the height of 29 or 30 inches. And fome other 
agent raifes it higher, not by prefling it into the glafs, but by 
making its parts ftick to the glafs, and to one another. For upon 
r any difcontinuation of parts, made either by bubbles or by (flak- 
ing the glafs, the whole mercury falls down to the height of 29 
or 30 inches. 

And of the fame kind with thefe experiments are thofe that 
follow If two plane polifhed plates of glafs (fuppofe two 

pieces of a polifhed looking-glafs) be laid together, fothat their 
fides be parallel, and at a very fmall diftance from one another, 
•and then their lower edges be dipped into water, the water will 
rife up between them. And the lefs the diftance of the glafs is, 
the greater will be the height to which the water will rife. If the 
diftance be about the hundredth part of an inch, the water will 
rife to the height of about an inch ; and if the diftance be greater 
or lefs in any proportion, the height will be reciprocally propor- 
tional to the diftance very nearly. For the attractive force of the 
glaflis is the fame, whether the diftance between them be greater 
or lefs ; and the weight of the water drawn up is the fame, if 
the height of it be reciprocally proportional to the diftance of the 
glafTes. And in like manner, water afcends between two mar- 
bles, polifhed plane, when their polifhed fides are parallel, and at 
a very fmall diftance from one another. And if flender pipes of 
glafs be dipped at one end into ftagnating water, the water will 
rile up within the pipe; and theheightb,to which k arifes, will be 
reciprocally proportional to the diameter of the cavity of the pipe, 
and will equal the height to which it rifes between two planes of 

gore 4 partes liquoris congclati ita coherent, ut corpus durum conlHtuant. At que experimento 
qKidemjanvmembrato, de liquor'rbus in barometro ad tam infolitam ui'qv.e aititudinem i'nlpenfis, 
»Ppai\ t partes corporr.m etiam fluidorum cohserere inter fe. Unde iucile intelligi poteft, qiiascun- 
«i- e demum caufa eiliciat ut pnrtes Glaciei & Mctr.i'oruin durorumcohrerernt inter fe, eandeiniti- 
d:m efficcre, ut partes eorundem corponmi etiam Uquefaaomm coh^nnt ;• licet fortaffis minus- 
Nam partu-ulx quidem corporurn linucfattoruni inter ic hue U!uc perpetutMubiabuntur. 
In thefecond'i?^/?., and all the fucceeding edkio-, the paragraph r.p.pearcd as wc now 
gtvc it. 

(") And of the f«m f h;„.J ^Ith -/,•/> txptrlmnu, &V.] Nothing of all that follows to the word",. 
-p}y<l,f lf l y ta fi nd t < :iin was U1 thc fil . A La , ; , l c f or. Cl« But the whole fir* appeared m the.- 
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Ekaive glafs, if the fenaidiameter of the eavky of the pipe be equal to 
the diftance between the planes, or thereabouts. And thefe ex- 
periments fueceed after the fame manner in Vacuo as in the open 
air (as hath been tried before the Royal Society) and therefore are 
not influenced by the weight or preffure of the atmofphere. 

And if a large pipe of glafs be filled with lifted afhes, well 
prefTed together in the glafs, and one end of the pipe be dipped 
into ftagnating water; the water will rife up flowly in the allies, 
fo as in the fpace of a week or fortnight to reach up within the 
glafs, to the height of 30 or 40 inches above the ftagnating wa- 
ter. And the water rifes up to this height by the action only of 
thofe particles of the ames, which are upon the furface of the 
elevated water ; the particles which are within the water, attract- 
ing or repelling it as much downwards as upwards. And there- 
fore the action of the particles is very ftrong. But the particles 
-of the afhes being not fo denfe and clofe together as thofe of glafs, 
their action is not fo ftrong as that of glafs ; which keeps quick- 
iilver fufpended to the height of 60 or 70 inches, and therefore 
a&s with a force, which would keep water fufpended to the height 
of above 60 feet. 

By the fame principle a fponge fucks in water; and the glands 
in the bodies of animals, according to their feveral natures and 
difpofitions, fuck in various juices from the blood. 

If two plane polifhed plates of glafs three or four inches broad, 
and twenty or twenty-five long, be laid, one of them parallel to 
the horizon, the other upon the firft, fo as at one of their ends 
to touch one another, and contain an angle of about 10 or 15 
minutes; and the fame be firft moiftened, on their inward fides, 
with a clean cloth dipped into oil of oranges or fpirit of turpen- 
tine ; and a drop or two of the oil or fpirit be let fall upon the 
lower glafs at the other end ; fo foon as the upper glafs is laid 
down upon the lower, fo as to touch it at one end, as above, and 
to touch the drop at the other end, making with the lower glafs an 
angle of about 1 o or 15 minutes ; the drop will begin to move 
towards the concourfe of the glafles, and will continue to move 

with 

(«) That is, a weight of 547 or lio lbs. or upon an average 5 { cwt. taking the weight of a 

cubic 
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with an accelerated motion, till it arrives at that concourfe of the Amazon*, 
glafles. For the two glafles attract the drop, and make it run 
that way, towards which the attractions incline. And if, when 
the drop is in motion, you lift up that end of the glafles where 
they* meet, and towards which the drop moves, the drop will af- 
cend between the gl affes, and therefore is attracted. And as you 
lift up the glafles more and more, the drop will afcend flower and 
flower, and at length reft ; being then carried downward by its 
weight, as much as upwards by the attraction. And by this 
means you may know the force, by which the drop is attracted 
at. all diftances from the concourfe of the glafles. 

Now by feme experiments of this kind (made by Mr. Hawk/b\>) 
k has been found that the attraction is almoft reciprocally in a 
duplicate proportion of the diftance of the middle of the drop 
from the concourfe of the glafles, viz, reciprocally in a firnpkr 
proportion, by reafon of the fpreading of a drop, and its touch- 
ing each glafs in a larger furface ; and again reciprocally in a- 
fimple proportion, by reafon of the attractions growing ftronger 
within the fame quantity of attracting furface. The attra£tior> 
therefore, w ithin the fame quantity of attracting furface, is reci- 
procally as the diftance between the glafles. And therefore where 
the diftance is exceeding fmall, the attraction muft be exceeding- 
great. By the Table in the fecond Part of the feeond Book,, 
wherein the Thick nefs of coloured plates of water between two 
glafles are fet down, the Thicknefs of the plate, where it appears 
very black, is three-eighths of the ten hundredth thoulhndth 
part of an inch. And where the oil of oranges between the 
glafles is of this thicknefs, the attraction, collected by the fore- 
going rule, feems to be lb ftrong, as within a circle of an inch 
in diameter, to fuffice to hold up a weight equal to that of a cy- 
linder of water of an inch in diameter, and two or three furlongs 
in length (g&). And where it is of a lefs thicknefs, the attrac- 
tion may be proportionally greater, and continue to incrcafe, vm - 
^ the thicknefs do not exceed that of a Angle particle of the 
There are therefore agents in Nature able to make the par- 

c,lb;c 6*t of water, as it U ihtsd in the L'rineipia, Lib. II. Seel. Tin. Schol. 
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tides of bodies ftick together by very ftrong attradions. And it 
is the bufinefs of Experimental Philofophy to find them out. 

Now the fmall particles of matter may cohere by the ftrongeft 
attractions, and compofe bigger particles of weaker virtue ; and 
many of thefe may cohere and compofe bigger particles, whofe 
virtue is ftill weaker; and fo on for divers fucceffions, until the 
progreffion end in the biggeft particles, on which the operations 
in chemiitry, and the colours of Natural bodies depend ; and 
which, by adhering, compofe bodies of a fenfible magnitude. 
If the body is compact, and bends or yields inward to preffion 
without any Aiding of its parts, it is Hard and Elaftick, return- 
ing to its figure with a force riling from the mutual attraction of 
its parts. If the parts Aide upon one another, the body is Mal- 
leable or Soft. If they Hip eafily, and are of a fit fize to be agi- 
tated by heat, and the heat is big enough to keep them in agita- 
tion, the body is Fluid ; and if it be apt to ftick to things, it is 
Humid ; and the drops of every Fluid affect a round figure, by 
the mutual attraction of their parts, as the globe of the earth 
and lea affects a round figure, by the mutual attraction of its parts 
by gravity. 

Since metals diffolvedin acids attract but a fmall quantity of the 
acid, their Attractive force can reach but to a fmall diftanee from 
them. And as in Algebra, where Afhrmitive quantities vanifli 
and ceafe, there Negative ones begin ; fo in Mechanicks, where 
Attraction ceafes, there a Repuhive virtue ought to fucceed. And 
that there is fuch a virtue, feems to follow from the reflexions 
and inflexions of the rays of light. For the rays are repelled 
by bodies, in both thefe cafes, without the immediate contact of 
the reflecting or inflecting body. It feems alfo to follow from 
the cmiflion of light ; the ray, fo foon as it is fhaken off from 
a Alining body by the vibrating motion of the parts of the body, 
and gets beyond the reach of attraction, being driven away with 
exceeding great velocity. For that force, which is fufficient to 
turn it back in reflexion, may be fufficient to emit it. It feems 

alfo 

" quantity for quantity J] Here followed in Dr. CloWs firft Latin. Ex eo, quod parti- 

culsr Aeris a fe invicem U a corporilms denfis recedere conentur, fit etiam, ut Aer rarior lit in v\- 
bie vitreis exitibus, quam in aniplioribus ipatiis ; &pcr laritatem iltam vi jniaore, quaro apertus 
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alfo to follow from the production of air and vapour : flie par- Attractions, 
tides, when they are fhaken off from bodies by heat or fermen- 
tation, foon as they are beyond the reach of the attraction of 
the body, receding from if, and alfo from one another, with great 
ftrength ; : and keeping at a'diftaneej fo as fometimes to take up 
above a million of times more fpace than they did before, in the 
form of a denfe body. Which vaft contraction and expaniion 
feems unintelligible^ by feigning the particles of air to be fpringy 
and rarnous, or rolled up like hoops, or by any other means than 
a Repulfive power. The particles of fluids, which do not co- 
here too ftrongly, and are of fuch a fmallnefs as renders them 
moft fuifceptible of thofe agitations which keep liquors in zjiuorj 
are moft eafily feparatedand ratified into vapour; and in the lan- 
guage of the chemifts, they are volatile, rarifying with an eafy 
heat, and coridenfing, with cold. But rhbfe which are groffer, 
and fo lefs < fufceptible-of agitationji or cohere by a ftronger at- 
traction, are not feparated without a ftrotfger heat, or perhaps 
not without fermentation. And fhefe laft are the. bodies, which 
chemifts call Fixed, and bdag* ratified by fermentation, become 
true permanent air : thofe particles receding from one another 
with the greateft force, and being moft difficultly brought toge- 
ther, which upon contact" adhere mbft ftrongly. Arid becaufe 
the particles of permanent air are groffer, and arife from denfer 
ftibftances than thofe of vapours; thence it is that true ; air is more 
ponderous than vapour, and that a moift atmofphere is lighter 
than a dry one, quantity for quantity ( lh ). •' From the fame Re- 
pelling power iLfeems to be, that flies walk upon the water with*- 
out wetting their feet ; and that the object-glaffes of long tele- 
feopes lie upon one ahother without touching; and that dry pow- 
ders are diffictiltlymade to touch one another fo as to ftick toge- 
ther, uhlefs by melting them* or wetting them with water, which 
by exhaling may bring them together; and that two poliftied 
marbles, - which by* immediate contaft ftick together, ate difficult- 
ly brought fo clofe together as to ftick; 

Aer, prematfuperficiem aqii* in quam inferior tubuli demerfa fit cxtremitas ; < d:oque perrnittat 
« aqua iliac in tubulam afcendat: qaa eft Philtrationis caufa, uti ohm explicavil u. noonus. 
Porro eidem vi repellent! tribuendum videntur, quod Mufcs, &c. 

Vol. IV. L 1 And 
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Neceffity of And thus Nature will be very conformable to herfelf, and very 
p!e s e pnnc "fimple; performing all the great motions of the heavenly bodies 
by the attraction of gravity, which intercedes thofe bodies ; and 
almoft all the fmall ones of their particles, by fome other Attrac- 
tive and Repelling powers, which intercede the particles. The 
vis inertia is a paffive principle, by which bodies perfift in their 
motion or reft ; receive motion in proportion to the force impref- 
fing it, and refill: as much as they are refilled. By this principle 
alone there never could have been any motion in the world. Some 
other principle was neceflary for putting bodies into motion ; and 
now they are in motion, fome other principle is neceflary for 
conferving the motion. For from the various compofition of two 
motions, it is very certain that there is not always the fame Quan- 
tity of motion in the world. For if two globes, joined by a 
{lender rod, revolve about their common center of gravity with 
an uniform motion, while that center moves on uniformly in' a 
right line drawn in the plane of their circular motion ; the fum 
of the motions of the two globes, as often as the globes are in 
the right line defcribedby their common center of gravity, will 
be bigger than the fum of their motions, when they are in a line 
perpendicular to that right line Q% By this inftance it appears, 
that motion may be got or loft. But by reafon of the tenacity of 
fluids, and attrition of their parts, and the weaknefs of elafticity 
in folids, motion is much more apt to be loft than got, and is al- 
ways upon the decay. For bodies, which are either abfolutely 
hard, or fo foft as to be void of elafticity, will not rebound from 
one another. Impenetrability makes them only ftop. If two 
equal bodies meet direftly in Vacuo, they will, by the laws of mo- 
tion, ftop where they meet, and lofe all their motion, and re- 
main in reft; unlefs they be Elaftick, and receive new motion 
from their fpring. If they have fo much elafticity as fuffices to 
make them rebound with a quarter, or half, or three-quarters of 
the torce with which they come together, they will lofe three- 
quarters, or half, or a quarter of their motion. And this may 

be 

th e ( 2rfT o h n e n C ^ ntra 7v, feemS , t0 b ? that the fum of the rnotions b « ^ grated, when 

I^te^ fi ■? le • ,CTOlT,, \ 8b ^ ie,i, P-P™"' to the right line, along which the com- 
»oa center of gravity „ moved. But ia either way the differeat Quantity of that fum of motion, 

in 
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be tried, by letting two equal pendulums fall againft one another to prevent^ 
from equal heights. If the pendulums be of lead or foft clay, £2/ 
they will lofe all, or almoft all, their motions : if of Elaftick bo- 
dies, they will lofe all but what they recover from their Elafti- 
city ( kk ). If it be faid, that they can lofe no motion, but what 
they communicate to other bodies; the confequence is, that in 
Vacuo they can lofe no motion, but when they meet, they muft 
go on and penetrate one another's dimenfions ( kk ). If three equal 
round veffels be filled, the one with water, the other with oil, the 
third with molten pitch, and the liquors be ftirred about alike to 
give them a vortical motion ; the pitch, by its tenacity, will lofe 
its motion quickly ; the oil, being lefs tenacious, will keep it 
longer ; and the water, being lefs tenacious, will keep it longeft, 
but yet. will lofe it in a fliort time. Whence it is eafy to under- 
ftand, that if many contiguous vortices of molten pitch were 
each of them as large as thofe, which fome fuppofe to revolve 
about the fun and fixed ft ars ; yet thefe, and all their parts, would, 
by their tenacity and ftiffhefs, communicate their motion to one 
another, till they all refted among themfelves. Vortices of oil or 
water, or fome. Adder matter, might continue longer in motion; 
but unlefs the matter were void .of all tenacity and attrition of 
parts, and communication of motion (which is not to be fuppofed) 
the motion would conftantly decay. Seeing therefore the variety of 
motion, which we find in the world, is always decreafmg; there is 
a necelftty of conferving and recruiting it by active principles : 
luch as are the caufe of gravity, by which planets and comets 
keep their motions in their orbs, and bodies acquire great motion 
in falling ; and the caufe of fermentation, by which the heart 
and blood of animals are kept in perpetual motion and heat; the 
inward parts of the earth are conftantly warmed, and in fome 
places grow very hot ; bodies burn and fliine ; mountains take 
fire; the caverns of the earth are blown up; and the fun conti- 
nues violently hot and lucid, and warms all things by his light. 
For we meet with very little motion in the world, befides what 

tIlc f c two pofitions of the rod, equally makes for our Author's aflertion. Of which, perhaps, 
b!" C is , yet a more ftriking proof in the prodigious generation of motion by the collifion of El.vftie 
oaies in certain arrangements. Vid. Hugen. De Motu Corforum ex ptrcujHont. 
( ) If itlefaid—Dimeafions,] Nothing anfwering to this fentence in Dr. Clarke's firft Latin. 
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is owing to thefe active principles ( u ). And if it were not for 
theft principles, the bodies of the earth, planets, comets, fun, 
and all things in them, would grow cold and freeze, and become 
inactive maffes ; and all putrefaction, generation, vegetation and 
lite would ceafe, and the planets and comets would not remain in 
their orbs. 

of iht Crea- All thefe things being eonfidered, it feems probable to me, that 

tioncfMatcer. ° ° 7 rr- • 

God in the beginning formed matter in fohd, mafiy, hard, impe- 
netrable, moveable ( mm ) particles ; of fuch fizes and figures, and 
with fuch other properties, and in fuch proportion to fpace ( nn ), as 
molt conduced to the end for which he formed them ; and that 
thefe primitive particles being folids, are incomparably harder 
than any Porous bodies compounded of them ; even fo very hard, 
as never to wear or break in pieces : no ordinary power being 
able to divide what God himfelf made One, in the firft creation. 
While the particles continue entire, they may compofe bodies of 
one and the fame nature and texture in all ages : but fhould they 
v* ear away, or break in pieces, the nature of things, depending 
on them, would be changed. Water and earth, compofed of old- 
worn particles and fragments of particles, would not be of the 
fame nature and texture now, with water and earth compofed or 
entire particles, in the beginning. And therefore that nature 
may be lafting, the changes of corporeal things are to be placed 
only in the various feparations, and new affociations, and motions 
of thefe permanent particles ; compound bodies being apt to 
break, not in the midft of folk! particles, but where thofe parti- 
cles are laid together, and only touch in a few points. 
mS!* ° f !t feems to me farther > that thefe particles have not only a Vis 
inertia, accompanied with fuch Paffive laws of motion as natu- 
rally refult from that force; but alfo that they are moved by cer 
tain Aaive principles, fuch as is that of gravity, and that which 
caufes fermentation, and the cohelion of bodies. Thefe princi- 
ples 

("> the fi *&vf principles.} In the firft Latin of Dr. Clarke the fentence Hood thus. Nam 

«dmodum pauium motus in Mundo invenimus, praterquam quod vet ex his Principiis aftuofis, vel 
ex iropeno. Voluntatis, manifefto oritur. The next fentencl, And if it wtr, not for tbefe princi- 
* " th " r t rhs > does not a PPear at all in the firft Latin. 

■ '"pnttrablt, moveable ] Impenetrates, inertes & mobiles. Dr. Clarh's firft Lath. 
\ }. — -rr j— eoquc numero et quantitatepco radone fpatii in quo futurum erat ut mo- 

verentur. 
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pies I confider not as Occult qualities, fuppofed to refult from the 
fpecifick forms of things, but as general laws of Nature, by 
which the things themfelves are formed : their truth appearing 
to us by phtenomena, though their caufes be not yet difcovered. 
For thefe are manifeft qualities, and their caufes only are oc- 
cult ( 00 ). And the Ariftotelians gave the name of Occult quali- 
ties not to manifeft qualities, but to fuch qualities only as they 
fuppofed to lie hid in bodies, and to be the unknown caufes of 
manifeft effects : fuch as would be the caufes of gravity, and of 
Magnetick and Electrick attractions, and of fermentations, if we 
lhould fuppofe that thefe forces, or actions, arofe from qualities 
unknown to us, and uncapable of being difcovered and made ma- 
nifeft. Such Occult qualities put a ftop to the improvement of 
Natural Philofophy, and therefore of late years have been re- 
jected. To tell us, that every fpecies of things is endowed with 
an occult fpecifick quality, by which it acts and produces mani- 
feil effects, is to tell us nothing: but to derive two or three gene- 
ral principles of motion from phenomena, and afterwards to tell 
us how the properties and actions of all corporeal things follow 
from thofe manifeft principles, would be a very great ftep in phi- 
lofophy, though the caufes of thofe principles were not yet dif- 
covered : and therefore I fcruple not to propofe the principles of 
motion above-mentioned, they being of very general extent, and 
leave their caufes to be found out (PP). 

Now by the help of thefe principles, all material things feem An in^nigcu 
to have been compofed of the hard and folid particles above-men- 
tioned; varioufly aflbciated, in the firft creation, by the counfel of 
an intelligent Agent. For it became Him who created them, to 
fet them in order. And if he did fo, it is unphilofophical to 
feek for any other origin of the world, or to pretend that it might 
arife out of a chaos by the mere laws of Nature ; though being 
once formed, it may continue by thofe laws for many ages. For 

^rentur. Dr. Clark's firft Latin ; and fo the fentence ftands in Dr. Clarke's fecond Latin edition, 
which in molt places was fo corrected as to agree exaftly with the fecond Engl-jh. And to mike 
fenfe of the paftage, ibmething is evidently wanting here to anfwer to the words of the Latin % 
'« qua futurum crat ut mwerentur. For to'fpeak of particles of matter as bearing proportion to 
face inJ t fi„ tc Iy, were abfurd. 

(°*) And the 'Aiijlctilians -bavt han rcjeBed.} Not in Dr. Clarke's firft Latin. 

( p? ) and leave their eaufes to lefcund out*] Not ia Dr. Clarke's firll Latin. 
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while comets move in very excentrick orbs in all manner of por- 
tions, blind Fate could never make all the planets move one and 
the fame way in orbs concentrick, fome inconfiderable irregula- 
rities excepted, which may have rifen from the mutual anions of 
comets and planets upon one another, and which will be apt to 
increafe, till this fyftem wants a reformation. Such a wonder- 
ful uniformity in the planetary fyftem mull be allowed the effect 
of choice. And fo muft the uniformity in the bodies of ani- 
mals, they having generally a right and a left fide fhaped alike, 
and on either fide of their bodies two legs behind, and either two 
arms, or two legs, or two wings before upon* their fhoulders; and 
between their fhoulders a neck (qq) running down into a back- 
bone, and a head upon it; and in the head two ears, two eyes, 
a nofe, a mouth, and a tongue, alike fituated. Alfo the firft 
contrivance of thofe very artificial parts of animals, the eyes, ears, 
brain, mufcles, heart, lungs, midriff, glands, larynx, hands, 
wings, fwimming bladders, natural fpectacles, and other organs 
of fenfe and motion ; and the inftinct of brutes and infects, can 
be the erfed of nothing elfe than the wifdom and fkill of a pow- 
erful ever-living Agent; who, being in all places, is more able by 
his will to move the bodies within his boundlefs uniform fenfo- 
rium ( rr ), and thereby to form and reform the parts of the uni- 
verfe, than we are by our will to move the parts of our own bo- 
dies ( ss ). 

£5 7 to And yet We are not to c °nfider the world as the body of 
world. God, or the feveral parts thereof as the parts of God. He is 
an uniform Being, void of organs, members or parts; and they 
are his creatures fubordinate to him, and mbfervient to his will ; 
and he is no more the foul of them, than the foul of a man is 
the foul of the fpecies of things carried through the organs of 
lenfe into the place of its fenfation, where it perceives them by 
means or its immediate prefence, without the intervention of any 

third 

" 7"",'"* * iacUone -~\ Not in the firft Latin of Dr. Clarke 

(X a tfi u ?f° rm M™>» ]-infinito fuo fenforio. Dr. Clarke's firft Latin. 

eft in n^TrTr { T' tbt "- f ° ur ° wn ^'"-l-quam Anima noftra, qu* 

eft m nob« , mag o De,, voluntate M ad corporis noftri membra movenda valet. Dr. Clarke's firft 

(•') Andy,, war; not to confider things themfelves.-] Not in Dr. Clarke's firft Latin. 

t ) and, njevaal prof oruons ^,.]_ va rio quoque numero & quamitate pro ratione 
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third thing. The organs of fenfe are not for enabling the foul 
to perceive the fpecies of things in its fenforium, but only for 
conveying them thither ; and God has no need of fuch organs, 
he being every where prefent to the things themfelves ( ct ). And 
fince fpace is divifible in infinitum^ and matter is not neceffary in 
all places, it may be alfo allowed, that God is able to create parti- 
cles of matter of feveral fizes and figures, and in feveral propor- 
tions to fpace ( uu ), and perhaps of different denfities ( xx ) and 
forces, and thereby to vary the laws of Nature, and make worlds 
of feveral forts in feveral parts of the univerfe. At leafr, I fee 
nothing of contradiction in all this. 

As in Mathematicks, fo in Natural Philofophy, the inveftiga- 
tion of difficult things by the method of analyfis, ought ever to 
precede the method of compofition. This analyfis coniifts in 
making experiments and obfervations, (jy) and in drawing gene- 
ral conclufions from them by induction, and admitting of no ob- 
jections againft the conclufions, but fuch as are taken from expe- 
riments, or other certain truths. For hypothefes are not to be 
regarded in Experimental Philofophy. And although the argu- 
ing from experiments and obfervations by induction be no de- 
monftration of general conclufions ; yet it is thebeft way of ar- 
guing which the nature of things admits of, and may be looked 
upon as fo much the ftronger, by how much the induction is 
more general. And if no exception occur from phenomena, 
the conclusion may be pronounced generally. But if at any time 
afterwards any exception mall occur from experiments; it may 
then begin to be pronounced, with fuch exceptions as occur. By 
this way of analyfis we may proceed from compounds to ingre- 
dients ; and from motions to the forces producing them ; and in, 
general, from effects to their caufes ; and from particular caufes 
to more general ones, till the argument end in the molt general. 
This is the method of Analyfis. And the Synthefis confifts in af- 

fpatii in quo infunt. Dr. Clarke's firft and fecond Latin. 

(") How the primordial atoms, perfectly fimple and perfectly folid, i.e. without pore, fliould 
"iffer in denfity, I cannot underftand. It is "true, different figures and lizes of the firft folid atoms 
'"ay produce very different denfities of the compounds feveral! y formed from them, though in 
the lame degree of compofition. Perhaps this might be our Author's meaning. 

(") ' and in dra wing general conclufions.} Of all that follows to the words Exception* at 

* a '* r > th «e W as nothing inriie firft Lstin of Dr. Clarke. 

fuming 
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fuming the caufes difcovered, and eftablimed as principles, and 
by them explaining the phenomena proceeding from them, and 
proving the explanations. 

In the two firft Books of thefe Optieks, I proceeded by this 
analyfis to difcover and prove the original differences of the rays 
of light in refpect of refrangibility, inflexibility, and colour; and 
their alternate fits of eafy Reflexion and eafy Tranfmi-flion ; and 
the properties of bodies, both opake and' pellucid, on which their 
reflexions and colours depend. And thefe difceveries being proved, 
may be affumed in the: method of compofition for explaining the 
phenomena arifing from them : an initance of which method I 
gave in the end of the firft Book. In this third Book I have only 
begun the analyfis of what remains to be difcovered about light, 
and its effects upon the frame of nature ;, hinting fe venal things 
about it, and leaving the hints to be examined and improved by 
the farther experiments and obfervations of fuch as ara inquifi" 
tive. And if Natural Philofophy in all its parts, by purfuingthis 
method, fhall at length be perfected ; the bounds' of Moral Phi- 
lofophy will be alfo enlarged. For fo far as we can know by Na- 
tural Philofophy what is the Firft caufe, what power he has over 
lis, and what benefits we receive from him; fo far our duty to- 
wards him, as well as that towards one another,! will appear to us 
by the light of Nature. And, nodoubr, if the worfhip of falfe 
gods had not blinded the heathen,, their Moral- Philofophy would 
have gone farther than to the four Cardinal Virtues. And inftead 
of teaching the tranfmigration of fouls, and to worfhip the fun 
and moon, and dead heroes ; they would have taught us to wof- 
fhip our true Author and Benefa&or, as their anceftors, did under 
the government of Noab and his fons, before they corrupted them* 
felves( zz ). 

(") — - as thtir ancefiors—themfelvcs.l Not in the firft Latin ^of Dr. Clark, nor in the fe- 
cond Englifi. In Dr. Clarke's fecond Latin the concluding fentence Hands thus. Quod quidem 
fecerunt majores ipforum, antequam animum morefque fuos corruperant. Lex enim moralis ab 
ongine gentibus univerfis erant feptem ilia Nonchidarum pracepta : quorum prseceptorum pri- 
mum erat, unum effe agnofcendum fummum Dominum Deum, ejufque cultum non efle in alios 
rransferendurn. Etenim fine hoc principio nihil effet virtus aliud nifi merura nomen. In th« 
thud EngliJ}} the final featence appeared as we now give it. 
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To Mr. OLDENBURG. 



S Cambridge, 
I R> March ib, i(,<^. 

THE book, which my carrier by forgetfulnefs difappointed 
me of the laft week, I have now received,, and thank you 
for it. With the telefcope which I have made, I have fbmetimes 
feen objedts, and particularly the moon, very diftinct in thofe 
parts of it, which were near the fides of the vifible angle. And 
at other times, when it hath been otherwife put together, it hath 
exhibited things, not without fome confufion. Which difference 
I attributed chiefly to fome imperfection, that might poffiMy be, 
either in the figures of the metals or eye-glafs ; and once I found , 
it caufed by a little tarnifhing of the metal, in 4 or 5 days of moift 
weather. 

One of the fellows of our College is making fuch another te- 
lefcope, with which laft night I looked on Jupiter; and he feemed 
as diftindl: and fharply defined, as 1 have feen him in other tele- 
fcopes. When he hath finifhed it, I will examine more ftri&ly> 
and fend you an account of its performances. For it feems to he 
fomething better than that which I made. Yours, &u 



II. 

To Mr. OLDENBURG. 

„ Cambridge, 
O-I R, March 19, i6 7 f. 

IN my laft letter I gave you occafion to fufpe<ft, that the in- 
urnment which I fent you is,, in fome refpeft or other, indifpofed ; 

or 



REFLECTING 

or that the metals are tarniihed. And by your letter of March 
1 6, 1 am fully confirmed in that opinion. For whilft I had it, it 
xeprefented the moon in fome parts of it as diftinctly, as other 
telefcopes ufually do, which magnify as much as that. Yet I 
very well know, that that inftrument hath its imperfe&ions, both 
in the compofition of the metal, and in its being badly caft ; as 
you may perceive by a fcabrous place near the middle of the me- 
tal on the polilhed fide, and alfo in the figure of the metal near 
that fcabrous place. And in all thofe refpedts, that inftrument is 
capable of further improvement. 

You feem to intimate, that the proportion of 38 to 1 holds 
only for its magnifying objects at fmall diftances. But if for fuch 
diftances, fuppofe 500 feet, it magnify at that rate, by the rules 
of Optics it muft, for the greateft diftance imaginable, magnify 
more than 37^ to 1; which is fo inconfiderable a diminifhing, 
that it may be even then as 38 to 1. 

Here is made another inftrument like the former, which does 
very well. Yefterday I compared it with a fix-foot telefcope ; 
and found it not only to magnify more, but alfo more diftin&ly. 
And to-day 1 found, ; that I could read in one of the Philofophicai 
TTtefacTions, placed in the fun's lights at an hundred foot dif- 
tance; and that at an :hundried atkl twenty foot diftahce, I could 
difcern fome of the words. When I made this trial, its aperture, 

-■defined next the eye, was equivalent to more than an inch and a 
third part of the object metal. This may be of fome ufe to thofe, 
that fhalJ endeavour any thing in reflexions ; for'hereby they will 

* in fome meafure be enabled to judge of the goodnefs of their in- 
ftruments. I am, &c. 

III. 

Isaaci Newtoni Mathefeos in Acad. Cantab. Prof. Inventum 
Novum quo Telefcopia longa infigniter contrahantur citra Ef- 
fe&i fraudes. Exhibitum. Soc. Reg. Lond. 1677-% 

ab Speculum concavum metallicum, fundo Tubi adhsereus ; 
cujus radius 14 digit. Anglicor. 

CD 

* This dcfcription was drawn up by Mr. Oldenburg, by order of the Royal Society, to be 

6 3 tranimitted 
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cd fpeculum metallicum planum, ovale, bacillo ferreo aggluti- 
natum, et circulo aeneo, intra tubi cavitatem mobili, infixum. 

F lens vitrea, cujus latus fuperius planum, inferos convexum, 
radius autem chca digitifemiflis. 

gggg pars tubi interior, circulo sereo hi firmiter coriftric"la, ita 
ut non facile moveri poffit. 

j&qkl pars tubi ppfterior, circulq apneo, immobiliter infixa. 
O uncus ferreusj circulo veneopo^ affixus, ultra tubi axem, exten- 
ds ; cui clavus eoehleatus n immuTus tubi partem pofteriorem 
antrorfum pellit, vel retrahit, ad fpeculorum debitam diftantiam 
mveftigar^lai^ paste priore fix£ remanente. , , 

N^W ferrum cu^watum, quo4 tul?um fuftinety globo Ugnecv 
verfatili s, clavo r affixum. 

Centrum fpeculi plani, ci?» . locator in axe Tubi; ita ut in ip- 
fum perpfrtdicul^ris^ a centra lenti% demiffa, cwn axe angulum 
redtum^cwftituat et objecTi fpecies, a fpeculo coiiGavo in idem 
repercufla, verfus lentis fbcum e reftectatur. _ 

Corona yentilpgio; prriarnepti gratia imppftta, 300 circiter pe~ 
cUbus diftans^ cum unp oculo huic tubo admoto fpe&abatur altera 
in chartam fubjectam, 1 1 circiter digitis ab ipfo diftantem, mag- 
nitudine et §gur& a ipfignita apparebat. Tubus autem vulgaris 
25 digit, longus, lente objectiva convexa, oculari ver6 utrinque 
concava (cujus radius 2. digit eft) oculo admoto, figuram corona? 
magnitudine b, eadem obferyata chartae ab oculo diftantia, alteri 
pculo exhibebat, cpnfentientibus poll repetita experimenta dd- 
Bi:ounke% Wren, Hook- 

IV. 

To- Mr. O L. D E N. BUR GT. 

• Cambridge,- 
S*I R, . Jan, 6, I6 7 |. 

THE defcription of the inftrument you fent is very well; only 
the radius of the concave metal, which you put 14 inches, is 
more juftly 1 x\ or 1 3 inches ; and the radius of the eye-glafsj -, 
which you put half an inch* is the twelfth part of it,, if not lefs: 
far the metal colle&s the fun's rays at 6} inches diftance, and the 

transmitted to Mr. Hugem at Paris. The Society judging this the beft method. of feeunng the 
of this great invenii<)n.,to the Author, . 

eye- 
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eye-glafs is lefs than { t>f an inch diftance from its vertex. By 
the tools alfo to which they were ground, I know their dimen- 
lions ; and particularly meafuring the diameter of the hemifphe- 
rical concave, in which the eye-glafs was ground, 1 find it the 
fixth part of -an inch. 

Perhaps it may give fome fatisfaction to Mr. Hugens to under- 
ftand, in what degree it reprefents things diftindt, and free from 
colours ; and to know the aperture by which it admits light. And 
after the words [verfus focum e refle£tatur] it may not be amifs 
to add this note. 

Conferendo diftantias foci iftius a verticibus lentis et fpeculi 
concavi, hoc eft ef \ dig. et etv 6jdig. prodit ratio i ad 38; 
qua judicatur objecTa 38 vicibus circiter ampliari. 

And to this proportion is very confentaneous the obfervation 
of the crown on the weather-cock. For the fcheme reprefents 
it bigger by 1'- times, when feen through this, than when through 
an ordinary perfpe&ive. And fo fuppofing that to magnify 13 
or 1 4 times (as by the defcription it mould) this by experiment 
proportionably muft magnify almoft as much as I have afligned it. 

To the objection, that with it objects are difficultly found ; I 
may anfwer, that that is the inconvenience of all tubes that mag* 
nify much. And that after a little ufe, the inconvenience will 
grow lefs ; for I could readily enough find any day objects, by 
knowing which way they were pofited from other objects, that I 
accidentally faw in it. But in the night to find ftars, 1 confefs 
is troublefome enough ; yet this may be eafily remedied by two 
fights affixed to the iron rod, by which the tube is fuftained ; and 
fuch I once intended fliould have been made, before I fent it away 
from me; but that I thought the defect would not be judged ma- 
terial. If fuch fights be not found a fufEcient remedy, there 
may be an ordinary profpective glafs fattened to the fame frame 
with the tube, and dire&ed towards the fame object, as Des Caries 
in his Dioptrics hath defcribed, for remedying the fame inconve- 
nience of his beft telefcopes. 

The plane fide of the eye-glafs is apt to be foiled with the duft 
falling down upon it. Ana 1 therefore the little leaden ring, put 
into the orifice of the bigger leaden barrel to moderate its aper- 
ture, muft be foraetimes taken out, and the glafs wiped with 
3 leather 
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leather done upon the fmall end of a flick, or other fuch like 
contrivance. But care muft be taken, that the faid ring be not 
loft ; for without it objects appear very confufed, at the edges of 
the apparent fpace. So if the concave metal contract any dull- 
nefs, by moifture or otherwife ; it ought to be taken out and rub- 
bed with gentle leather, but not with putty, or any thing that 
may wear the metal. 

I am very fenfible of the honour done me by the bifhop of 
Sarum, in propofing me a candidate, and which I hope will be 
further conferred upon me by my election into the Society. And 
if fo, I {hall endeavour to teftify my gratitude, by communicat- 
ing what my poor and folitary endeavours can effect, towards 
promoting the Philofophical defign.. I am, 8cc. 

V. 



To Mr. OLDENBURG. 

_ Camlnidgtv 
b I R, Jan. 18, 

UNDERSTANDING, by your laft, that fome of the fellows Compel 
of the Hon. Society, in order to a bigger reflective Telefcope, are Mirror, 
devifing a fit metalline matter ; let me prefume to give them this 
caution, that whilft they feek for a white, hard and durable me- 
talline compofition, they refolve not upon fuch an one as is full 
of fmall pores, only difcoverable by a microfcope : for though 
fuch an one may, to appearance, take a good polifli, yet the 
edges of thofe fmall pores will wear away fafter in the poliming, 
than the other parts of the metal ; and fo, however the metal 
feem polite, yet it mall not reflect with fuch an accurate regula- 
rity as it ought to do. Thus tin-glafs, mixed with ordinary bell- 
metal, makes it more white, and apt to reflect a greater quantity 
of light; but withal, its fumes raifedinthe fufion, like fo many 
aerial bubbles, fill the metal full of the microfcopical pores. But 
white arfenick both blanches the metal, and leaves it folid, with- 
out any fuch pores ; efpecially if the fufion hath not been too 
violent. What the ftellate regulus of Mars (which I have fome- 

Vol. IV. N n times 
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Compofition times ufed) or rather fuch like fubftance, will do, deferves parti- 
cular examination. 

Let me add further this intimation ; that putty, or other fuch 
like powder, with which it is polifhed, by the lharp angles of its 
particles, fretteth the metal, if it be not very fine, and filleth it 
full of fuch fmall holes as I fpeak of. Wherefore care muft be 
taken of that, before judgment be given, whether the metal be, 
throughout the body of it, porous or not. 

I defire, that in your next letter you would inform me, for 
what time the Society continue their weekly meetings ; becaufe 
if they continue them for any time, I am purpofing them, to be 
confidered of and examined, an account of a Philofophical dif- 
covery, which induced me to the making of the faid Telefcope; 
and I doubt not but will prove much more grateful than the com- 
munication of that inftrument ; being in my judgment the od- 
der!:, if not the molt confiderable detection, which hath hitherto 
been made in the operations of Nature. 



VI. 

To Mr. OLDEN BUR G. 



NOT having tried many proportions of the arfenick and me- 
tal, I do not affirm which is abfolutely belt, but think there may 
conveniently be ufed any quantity of arfenick equalling in weight 
between a fixth and an eighth part of the copper ; a greater pro- 
portion making the metal brittle. 

The way which I ufed is this: I firft melted the copper alone, 
then put in the arfenick, which being melted, I furred them a 
little together, bewaring, in the mean time, not to draw in breath 
near the pernicious fumes. After this I put in tin; and again, 
lo.foon as that was melted (which was very fuddenly) I fiirred 
them well together, and immediately poured them off. 

I know not, whether by letting them ftand longer on the fire 
after the tin was melted, a higher degree of fufion would have 
made the metal porous ; but I thought that way I proceeded fafeft. 

In 



TELESCOPES. 21$ 
In that metal, which I {cut to London, there was no arfenick, for the urge 
but a fmall proportion of filver ; as I remember, one fhilling i n Mirror - 
three ounces of metal. But I thought the filver did as much 
harm in making the metal foft, and fo lefs fit to be poliflied, as 
good in rendering it white and luminous. ' 

At another time I mixed arfenick one ounce, copper fix ounces, 
and tin two ounces; and this an acquaintance of mine hath po- 
lifhed better than I did the other. I am, 8cc. 

VII. 

To Mr. OLDENBURG* 

SlR, Cambridge, 

Feb. to, iG^ji. 

I Received your's February 1 7th. And having confidered Mr. 
Hook's obfervations on my difcourfe, am glad that fo acute an ob- 
jector hath faid nothing that can enervate any part of it. For I 
am fiill of the fame judgment, and doubt not but that upon fe- 
verer examinations it will be found as certain a truth, as I have 
afierted it. You fhall very fuddenly have my anfwer. 

In Mr, Hugemufs letter there are feveral handfome and inge- 
nious remarks : and what he fays concerning the grinding of Pa- 
rabolical Conoids by geometrical rules, I do with him defpair of. 
But I doubt not but that the thing may be in fome meafure ae- 
compliihed by mechanical devifes. This is all at prefent from* 
yours, &c. 

VIIL 

To Mr. OLDENBURG. 

Sir, 

March if,, 1674. 

ABOUT ten days fince, at night, I faw a dull ftar fouth-weft A Comet, 
of PerfeuSy which I now take to have been that comet of which 
you gave me information ; but it was very fmall, and had not 
a "y vifible tail, which made me regard it no further, and I fear 
it will now be difficult to find it. 

N n 2 Since 
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Pe.forn-.anee -Since my laft letter, I have further compared, and find that 
SSt'oniK'of metal to reprefent as well the moon as nearer objeas, fome- 
thing dirtinaer than the other. But I mutt tell you alio, that 
1 find that other (which 1 borrowed to make the comparifon) 
to be none of the beft in the kind, and therefore would not 
have you rely on the obfervations made with it, but rather 
eftimate the performances of the metalline telefcope by the 
diftances of between 100 and 120 feet, at which I and others 
could read in the Tranfa&ions, as I found by meafure ; at which 
time the aperture was 1} of an inch, which I knew by try- 
ing, that an obftacle of that breadth was requifite to intercept 
all the light which came from one point of the obje£t. I mould 
tell you alfo, that the little plain piece of metal next to the glafs 
is not truly figured, whereby it happens, that obje&s are not fo 
diitincT: at the middle as at the edges. And, 1 hope, that by cor- 
re&ing its figure (in which I find more difficulty than one would 
expeel) they will appear all over diftina and diftinaer in the mid- 
dle than at the edges. And I doubt not, but then the perform- 
ances will be greater. But yet I find, that there is more light 
loft by refleaion of the metal I have hitherto ufed than by tranfc 
miflion through glaflTes, for which reafon a lliallower charge 
would probably do better for obfeure objeas, fuppofe fuch a one 
as would make it magnify 34 or 32 times ; but of bright objeas 
at any diftance it feems capable of magnifying 38 or 40 times 
with fufficient diftinanefs ; and for all objeas the fame charge, I 
believe, may be allowed, if the fteely matter employed at Lon- 
don be more ftrongly refleaive, than this which I have ufed. 
Lengths, The performances of one of thefe inftruments of any length 

apertures, and ... 

charges. being known, it will appear, by this following Table, what may 
be expeaed from thofe of other lengths by this way, if art can 
accomplifli what is promifed by the theory. In the firft column 
is expreffed the length of the telefcope in feet, which doubled, 
gives the femidiameter of the fphere on which the concave me- 
tal is to be ground. In the fecond columns are the proportions 
of the apertures for thofe feveral lengths ; the third column are 
the proportions of the charges or diameters of the fpheres on 

which 
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Lengths, 


Apertures. 


Charge 


1 
2 




100 


1 


ls>o 


119 




* .1 


l AT 
* T 


3 


383 


*57 


4> 


47 6 


168 


5 


56* 


178 


6 


645 


186 




Soo 


200 


10 


946 


211 


12 


1084 


221 


16 


I34S 


2J8. 


20 


1591 


254. 


*♦ 


1S24 


263. 



which the convex fuperficies of the Lengths, 

i rr 1 1 apertures, and 

eye-giaiies are to be ground. charge? . 

The ufe of this Table will beft 
appear by example. Suppofe, 
therefore, a half-foot telefcope may 
diftrnaiy magnify 30 times with, 
an inch aperture, and be it required 
to know what ought to be the ana- 
logous conftitution apd performance 
of a four-root telefcope : by the 
fecond column, as 100 to 476, fo are the apertures ; as alio the 
numbers of times which they magnify. And confequently fince the 
half-foot tube hath an inch aperture, and magnifyeth 30 times 
a four-foot tube proportionally fliould have 4-^ inches aperture, 
and magnify 143 times. And by the third column,, as- 100 to 
168, fo are their charges. And therefore if the diameter of the 
convexity of the eye-glafs for a half-foot telefcope be j of an 
inch,, that for a four mould be — ; that is, about } of an inch. 
In like manner if a half-foottelefcope may diftinaiy magnify 36 
times with 1^ of an inch aperture, a four-foot telefcope ihould 
with equal diftinanefs magnify 171 times with 6 inches aper- 
ture; And one of fix foot fliould magnify 232 times with 8| 
inches aperture; and fo of other lengths. But what the event 
will really be, we muft wait to fee determined by experience; 
only this I thought fit to infinuate, that they which intend to 
make trials in other lengths, may more readily know how to de- 
fign their inftruments. Thus for a four- foot tube, fince the aper- 
ture Ihould be 5 or 6 inches, there will be required a piece of 
metal 7 or 8 inches broad at leaft; becaufe the figure will fcarce- 
ly be true to the edges : and the thicknefs of the metal muft be 
proportional to the breadth, leaft it bend in the grinding. The 
metals being poliflied, there may be trials made with feveral eye- 
glafTes to find what charge may, with beft advantage, be made ufe 
of. Thus much of thefe telefcopes ; and at prefent I fliall trou- 
ble you no farther, than to thank you for your laft intelligence,, 
by which you have obliged, . Sir, 

&c. 

IX. 
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IX. 

To Mr. OLDENBURG. 

Sir, 

March 30, 1674. 

£'Sr° f 1 Doubt not but Monf - Auzout will allow the advantage of re- 
flexions in the theory to be very great, when he lhall be' inform- 
ed himielf of the different ref tangibility of the feveral rays of 
light; and for the pratique part, it is in fome meafure manifeft, 
by the inftruments already made, to what degree of vivacity and 
brightnefs a metalline fubitance may be poliihed : nor is it im- 
probable, but that there may be new ways of polifhing found out 
for metal, which will far excel thofe that are yet in ufe. And 
when a metal is once well polifhed, it will be a long while pre-. 
ferved from tarniming, if diligence be ufed to keep it dry, and 
clofe Ihut up from the air. For the principal caufe of tarnifli- 
ing feems to be the condenfing of moifture on its poliihed furface 
which, by an acid fpirit wherewith the atmofphere is impreg- 
nated, corrodes and rufts it; or at leaft at its exhaling, leaves it 
covered over with a thinfkin, confuting partly of an earthy fedi- 
n.ent of that moifture, and partly of the dull which, Hying to 
and fro in the air, had fettled and adhered to it. When there is- 
not occafion to make frequent ufe of the inftmments, - there xmay 
be other ways to preferve the metals for a long time, as perhaps 
by immerging them in fpirit of wine, or fome other convenient 
hquor. And if they chance to tarniih, yet their polifti may be 
recovered by rubbing them with a foft piece of leather, or other 
tender fubitance, without the affiftance of any fretting powders, 
unlefs they happen to be nifty, for then they muft be new po- 
ll hed. I am very fenfible, that metal refleas lefs light than 
glals tranfmits ; and for that inconvenience I gave you a remedy 
in my laft letter, by affigning afhallower charge in proportion to 
the aperture than is ufed in other telefcopes. But as I have found, 
fome metalline fubftances to be more ftrongly refledive, and to 
polfth better, and to be freer from tarniming than others, fo I 
hope there may be in time found out fome fubftance much freer 
from thofe inconveniences, than any yet known. 

6 In 
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In the mean time, to remedy in fome meafure thefe inconveniences, of 
I fhall propound a way of ufing, inftead of the little oval metal, a^f 
glafs or chryftal figured like a triangular prifm,as you fee it repre- 
fented in the firft fcheme by the figure a, b, c. Its fide AB&a I fup- 
pofe to perform the office of that metal, by refkaing towards the 
eye-glafs the light which comes from the concave de, which light 
I fuppofe to enter into this prifm at its fide CBbc and cube ; and 
left any colours mould be produced by the refraaion of thofe 
planes, it is requifite that the angles of the prifm at Aa and b3 
be precifely equal. Which may be moft conveniently performed 
by making them half right angles, and confequently the third 
angle at cc a right one. The plane ab^, without being foli- 
ated, will reflea all the light incident on it, efpecially if the 
prifm be made of chryftal. But to exclude all unneceffary light, 
it is convenient that it be all over covered with fome black fub- 
ftance, excepting two circular fpaces of the planes ac and bc for 
the ufeful light to pafs through, as you fee it defigned in the fe- 
cond Scheme. The length of this prifm fhould be fuch, that its 
fides ac and bc may be four fquare ; and fo much of the angles 
B and b as are fuperfliious ought to be ground off, to give paffage 
to as much light as is poflible from the objea to the concave. 
There is one very confiderable advantage of this prifm which the 
oval metal is not capable of, without ufing two eye-glafles, and 
it is that of its fides heca and Bccb be ground convex lens. The 
manner you have expreffed in the third Scheme, where fuppofe 
G to be the focus of the concave, and f of the eye-glafs at which 
the rays crofs twice before their arrival at the eye. But it is con- 
venient, that the firft trials be made with prifms whofe fides are 
all of them plane. And thus much concerning Monf. Auzoufs 
confederations. 

To the queries of Monf Denys, I anfwer, 1 . That a tube of 
fix inches is capable of bearing an aperture (Unfitted next the eye) 
fo large, that an obstacle of 1^ or 1} of an inch in breadth, 
fliall be requifite ro intercept all the light coming from one point 
°f the objea towards the concave metal. 

But it is convenient, that the tube be a little wider than that A£juit m ^tof 

aperture 
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<n"theT u !e aperture precifely requires, fuppofe if or i} of an inch, and not 
< more . aiK } t j ie w hole breadth of the metal fhould not be lefs than 
two inches, becaufe its figure towards the edge will fcarcely be fo 
true as to be ufeful. And by that means it may be alfo conveni- 
ently fattened to the end of the tube on the outride, fo at plea- 
fure to be taken off, and laid up clofe from the air, to preferve 
it from tarnifhing. How the diameter of the tube is to be en- 
larged according to its length, will appear by the table of aper- 
tures and charges which I lent you in my laft letter of March 28 ; 
namely, the cube of its length fhould be proportional to the 
fquare of its diameter or aperture at the metal. So that the ad- 
vantage of augmenting the length of tubes, is by this way far 
greater than by refra&ions, where their length ought to be pro- 
portional to the fquare of the diameter of the aperture. 2. The 
breadth, or morteil diameter of the little oval-metal for a tube of fix 
inches, ihould not be greater than nor lefs than £ of an inch. 
And the longeft diameter mould be to the fliorteft, as about 10 
to 7. But you may more exa&ly determine thefe diameters for 
tubes of all lengths after this manner. In the fourth figure, let 
ab reprefent the oval fetedgwife; de, the concave ; fg, its axis; 
gp, the reflex of that axis; 3t, the diameter of the hole through 
which the light is tranfmitted to the eye, and p the center of that 
hole. Produce f, oto tt, fothat gtt may be equal to Gp ; ereti 
Tta and ttt equal to ps and pi ; and from <j and T draw two lines, <jd 
and te, to the tratmoft parts of the concave within the tube, inter- 
fering ab in a and b ; and ab mall be the long diameter of the 
oval, which bifedVin x ; and perpendicular to fx ere<5t xy and 
xz, occurring with ad and te in y and z ; and a mean proportional 
between xy and xz, doubled, lhall be the other fhort diameter: 
for by viewing the Scheme you will eafily perceive, that an oval, 
defcribed with thofe reaangular conjugate diameters, is of fuffi- 
cient bignefs to reflect all the ufeful light towards the eye, if it 
be rightly placed in the tube ; and a broader metal would not 
only intercept fo many of the beft rays, but fome of the fcattering 
light, reflected every way from its fuperfluous parts, would fall 
on the eye-glafs, and make the object appear fomething confufed, 



B 
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and as it were in a mift. This, Sir, is that which, in anfwer to 
your letter, my prefent thoughts fuggeft to your faithful fervant, 

&c. 



X. 

To Mr. OLDENBURG. 

SlR, May 4, 1671. 

I Should be Mad to meet with any improvement of the cata- of Mr. 

. . CaflVgrains 

dioptrical telefcope, but that defign of it which, as you inform Tdeicope. 
me, M. Cajfegrain hath communicated three months fince, and 
now printed in the French Journal, I fear will not anfwer expec- 
tation ; for when I firtt applied myfelf to try the effects of re- 
flections, Mr. Gregory's Optica Promota (printed in the year 1663) 
being fallen into my hands, where there is an inftrument de- 
fcribed (pag. 94) like that of Mr. Cajfegrain, with a hole in the 
midft of the object-glafs, to tranfmit the light to an eye-glafs 
placed behind it ; I had thence an occafion of confidering that 
fort of conftructions, and found their difadvantages fo great, that 
I faw it neceffary, before I attempted any thing in the practice, to 
alter the defign of them, and place the eye-glafs at the fide of 
the tube, rather than at the middle. 

The difadvantages of it you will understand by thefe particulars : EMftJvantages 
1 . There will be more light loft in the metal, by reflexion from Gregorian 
the little convex fpeculum, than from the oval plane : for it is an 
obvious obfervation, that light is molt copioufly reflected from any 
fubftance when incident moft obliquely. 2. The convex fpeculum 
will not reflect the rays fo truly as the oval plane, unlefa it be of an 
hyperbolic figure, which is incomparably more difficult to form than 
a plane; and, if truly formed, yet would only refleft thofe rays 
truly which refpect the axis. 3. The errors of the faid convex 
will be much augmented by the too great diftance through which 
the rays reflected muft pafs, before their arrival at the eye-glafs ; 
for which reafon, 1 find it convenient to make the tube no wider 
than is neceffary, that the eye-glafs may be placed as near to the 
oval plane as is poffible, without obftructing any ufeful light 111 
Vol. IV. O o its 
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its paffage to your object-metal. 4. The errors of the object- 
metal will be more augmented by reflexion from the convex than 
from the plane, becaufe of the inclination or deflexion of the con- 
vex on all fides from the points on which every ray ought to be inci- 
dent. 5thly. For thefe reafons there is requifite an extraordinary 
exa&nefs in the figure of the little convex; whereas I find by ex- 
perience, that it is much more difficult to communicate an exaft 
figure to fuch fmall pieces of metal, than to thofe that are great- 
er. 6. Becaufe the errors at the perimeter of the concave object- 
metal caufed by the fphericalnefs of its figure, are very much 
augmented by the little convex ; it will not, without indiftinctnefs, 
bear fo large an aperture, as in the other conftruction. 7. By 
reafon that the little convex conduces very much to the magni- 
fying virtue of the inftrument which the oval plane doth not, it 
will magnify much more in proportion to the fphere on which 
the great concave is ground, than in the other defign. And fo 
magnifying objects much more than it ought to do in proportion 
to its aperture, it rauft reprefent them very obfcure and dark ; 
and not only fo, but alfo confufed, by reafon of its being over- 
charged. Nor is there any convenient remedy for this ; for if 
the little convex be made of a larger fphere, that will caufe a 
greater inconvenience, by intercepting too many of the beft rays ; 
or if the charge of the eye-glafs be made fo much fhallower as is 
neceflary, the angle of vifion will thereby become fo little, that 
it will be very difficult and troublefome to find an object ; and of 
that object, when found, there will be but a very fmall part feen 
at once. 

Difadvan»ages j$y this you may perceive, that the three advantages which 
Con- Monf. Cajfegram propounds to himfelf are rather difadvan- 

ftru£hor,. ta g es . for ^ according t0 his defign, the aperture of the inftru- 
ment will be but fmall, the object dark and confufed, and alio 
difficult to be found. Nor do I fee why the reflexion is more 
upon the fame axis, and fo more natural in one cafe than in the 
other, fince the axis itfelf is reflected towards the eye by the oval 
plane. And the eye may be defended from external light as well 
at the fide as at the bottom of the tube. You fee, therefore, 

that 
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that the advantages of this defign are none; but the difadvantages 
fo great and unavoidable, that I fear it never will be put in prac- 
tice with good effect ; and when I confider, that by reafon of its 
refemblance with other telefcopes, it is fomething more obvious 
than the other conftruction, I am apt to believe, that thofe who 
have attempted any thing in Catoptricks, have ever tried it in 
the firft place ; and that their bad fuccefs in that attempt hath 
been the caufe why nothing hath been done in reflexions. 

For Mr. Gregory, fpeaking of thefe inftruments in the afore- 
faid book, p. 95, faith, Be mechanic dhor urn fpeculorumet lentium, 
ab aliis frujlra tentata, ego, in mecbanicis minus verfatus, nihil dico ; 
fo that there have been trials made of thefe telefcopes, but yet 
in vain. And I am informed, that about 7 or 8 years fince, Mr. 
Gregory himfelf, at London, caufed one of fix foot to be made by 
Mr. Reive, which I take to be according to the aforefaid defign 
defcribed in his book, becaufe though made by a very lkillful 
artift, yet it was without fuccefs. 

I could wifh, therefore, M. Caffegrain had tried his defign, 
before he divulged it; but if for further fatisfaction he pleafe 
hereafter to try it, I believe the fuccefs will inform him, that 
fuch projects are of little moment, till they be put in practice. 
I am, Sir, your humble fervant, 

&c. 



XI. 

To Mr. COLLINS. 

^ IR > Dec. io, 167:. 

MR. GREGORT is pleafed to confider further the moft advan- of Oregon--, 
tageous conftruction of cata-dioptrical telefcopes. And as his de- SL u ai on . 
%n in his Optica Promota excels that of Mr. Cajfegram (though 
they differ fo flightly, that I thought it not worth the while to 
take notice of the difference) the advantage being, that the little 
concave ellipfis comes nearer to a fpherical figure than the convex 
hyperbola, fo I conceive his prefent propofal excels them both ; 
of making the fpeculum plane. And this I conjecture is the 

O o 2 way 
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way which Signior Salvetti, one of the grand duke's mufkiansr, 
mentioned in the laft Tranfactions, intends to make experiment 
of ; excepting that, inftead of the convex eye-glafs, he may pro- 
bably fubftitute a concave one to erect the objeft. But yet I 
cannot think it the beft ; it being liable to the ift, 3d and laft of 
thefe difficulties urged againft Mr. Cajegrain ; and, in my judg- 
ment, not wholly capable of the advantages which Mr. Gregory 
propounds. 

Advance! The firft difadvantage was, that more light is loft in di- 
RcfleaiS reft than oblique reflexion. I am convinced by feveral obferva- 
tions, that reflexion is not made by the folid parts of a body, 
as is commonly prefumed, but hy the confine of the two medi- 
ums, whereof one is within and the other without the body. 
And as ftones are reflected by water, when thrown obliquely, 
which force their way into it, when thrown directly downwards ; 
fo the rays of light (whether corporeal' like ftones or not) are 
moft eafily and copioufly reflected when incident moft obliquely. 
This you may obferve in the paffage of light out of glafs into 
air ; which is reflected more and more copioufly, as the obliqui- 
ty is increafed, until beyond a certain degree of obliquity it be 
wholly reflected. Alfo in the reflection of light by an imper- 
fectly poli (bed plate of brafs or filver, or any other metal ; you 
may obferve, that the image of objects, which by direct re- 
flexion appear dull and confufed, appear by very oblique re- 
flexion pretty diftinct and vigorous. This advantage of oblique 
reflexion would be inconliderable, if metal reflected almoft all 
the light directly incident on it. But fo far as I can obferve, 
there is at leaft a third part, if not the better half, of the light 
loft and ftifled in the metal at every reflexion ; and it is of lbme 
eitimation, if a third or fourth part of that may be redeemed, 
by letting the flat fpeculum obliquely. As for Mr. Gregory's in- 
iin nation, that direct rays have the advantage of oblique; be- 
caufe a direct ball is directed more regularly from a rough wall 
than an oblique one ; if he pleafe to confkler how different are 
the caules and circumftances of thofe reflexions, poflibly, upon 
fecond thought?, he may apprehend why the contrary ought to 
I happen 
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happen in light : at leaft the experiment of the rudely-polifhed 
plate of metal may perfuade him. 

The next difadvantage, arifing from the diftance of the little 
fpeculum from the eye-glafs, being allowed ; I pafs to the laft : 
which is to this effect. That if to diminifh the magnifying vir- 
tues of the inftrument, the little fpeculum be made of a larger 
fphere (as it is in Mr. Gregory s defign, a plane being equivalent 
to a fphere whofe center is indefinitely diftant) that would caufe 
too many of the beft rays to be intercepted. And though in his 
defign fcarce a fourth part of the whole light be intercepted, yet 
thofe rays feem to me of more value than twice their number next 
the circumference of the tube, becaufe they principally conduce 
to diftinct vifion. Their lofs will be judged confiderable by thofe, 
that have thought the lofs of fcarce the 40th part of the light 
in my way worthy of being objected, by reafon. that they were 
the beft of the rays. 

There are yet other confiderations by which Mr. Gregory's tube 
may perhaps be thought lefs advantageous. As, that unlefs the 
fpeculum, f, be made fo broad as to intercept more than a quar- 
ter, or perhaps than a third part of the whole light, it will be 
difficult to enlarge the aperture, as is requifite for viewing dull 
and obfeure objects : that the eye-glafs, if placed at the bottom, 
will fcarcely be well defended from the unufeful glaring light, 
which in the day-time comes from objects on all fides the flat fpe- 
culum ; at leaft not fo well as by fetting it at the fide ; and that 
an artificer can fcarcely pqlifti the great concave fo truly when per- 
forated in the middle : for the metal near the hole will be apt to 
wear away too faft, as it doth near the exterior limb. And 
though the hole may be made after it is poliihed, yet if the fi- 
gure happen to be lefs true, or if afterwards the metal chance to 
tarniih, it muft be polifhed again. 

As for the advantages propounded by Mr. Gregory, I fee not 
why the firft fhould be reckoned for one, viz. that the diftance 
ef grows almolt the one-half left, and therefore the errors of 
the concave cd are almoft diminifhed upon the plane F by. one- 
half. For how much thofe errors of the concave cd are increafed 
or diminifhed, is to be eftimated by the divarication of the rays, 
' ' not 
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not at the -plane r, but at the focus of that concave cd. And 
there the errors in both cafes will be alike, provided the fpecu- 
lnm f be accurately plane. But if there be any irregularities in 
the figure of the fpeculum f, they will caufe errors fo much 
greater in one cafe than in the other, as that fpeculum is remoter 
from the eye-glafs ; which in large telefcopes may be more than 
15 or 20 inches. 

Great advan* The other advantage, viz. that his tube will be little more than 

tage of the 

fhorrnefsof half the length of mine, I mould allow to be very confiderable; 

*'* u ' if I thought, that with equal art in the mechanifm, it would be 
made to do the fame effect. The greateft difficulty is in form- 
ing the great concave ; which when once well done, perhaps it 
may be thought moft advantageous to make the beft ufe of it with 
a longer tube. 

of iu^ngUie fuppofed advantage of telefcopes with convex or concave 

5 ha jg g reatcr fpeculum s, in that they may have any defireable charge, by alter- 
Newtonian ing the diftances of the eye-glafs and fpecula, agrees more con- 
CoBfiruaion. ven i ent iy w j tn mv defign of the inftrument, if that fpeculum be 
made ufe of, which I defcribed in a letter to Mr. Oldenburg, in an- 
fwer to Mr. Hugens's confiderations on thefe fubjects ; which pof- 
iibly you may have feen. For inftance ; to double the charge, 
the eye-glafs in the other way muft be drawn out almoft as far 
"behind the great concave as the little fpeculum is before it ; 
whereby the length of the tube will be almoft doubled. Whereas 
in my way it need be drawn out no farther from the fide of the 
tube than a quarter of the tube's diameter. The charge may 
be alio conveniently varied, by having 2 or 3 eye-glafles of 
feveral depths fet in a girdle ; any of which may be adjufted to 
the metal f by Hiding the girdle about the tube, or by Aiding the 
ring within the tube to which the metal f is fattened. 

That telefcopes with convex or concave fpeculums mould be 
overcharged, is not neceflary ; but yet it is not avoidable without 
running upon one of the other two inconveniencies, defcribed in 
the 7th particular of my confiderations on Mr. Cajegrairts tube, 
as I there intimated. 

To diminifh fome of the aforefaid difadvantages, there may be 
ftill new variations or additions to thefe defigns. As, for inftance, 

by 
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by ufing two eye-glafles. Suppofe cd reprefent the great concave; Ad™* . of 
F, the little fpeculum; e, the eye-glafs ; and g, another double ^1 
convex-glafs, between e and f, on both 
fides of which the rays crofs. This way 
of redoubling thefe tubes feems not infe- 
rior to the reft. For thus the objeft ap- 
pears erect; the fpeculum f intercepts 
lefs light, and the charge may be varied 
at pleafure, only by changing the portions of g and f. But yet. 
this is not without imperfections : and particularly, befides thofe 
common with the other defigns, this glafs g will intercept many 
of the beft rays in their paflage from the concave cd to the little 
fpeculum f ; unlefs it be made lefs than is confident with fome 
other inconveniencies. And by the iterated decuffations of the 
rays, objects will be rendered lefs diftinct ; as is manifeft in di- 
optric telefcopes, where 2 or 3 eye-glafles are applied to erect the 
object. 

As to the attempt in which Mr. Reeves was employed, I pre- 
fumed it had been done with much more accuratenefs than Mr. 
Gregory now fignifies : becaufe Mr. Hook> who you know is a cu- 
rious and accurate experimenter, affirms, in his confiderations- 
on my letter to Mr. Oldenburg concerning refractions and colours, 
publiflied in the Tranfactions, No. 80, that he made feveral ex- 
periments with that inftrument. And though he lays the blame 
on Mr. Reeves's Encbeiria, yet he fays not that he blamed him 
then, when the experiment was made. His words are thefe ; 
I have made feveral trials both for telefcopes and microfcopea 
by reflexions, which I have mentioned in my Micrography ;. 
" but deferted it as to telefcopes, when I confidered, that the focus 
' of a fpherical concave is not a point, but a line ; and that the 
rays are lefs truely reflected to a point by a concave, than re- 
" fracted by a convex. Which made me feek that by refraction,, 
which I found could not be expected by reflexion. Nor, in- 
deed, could I find any effect of it, by one of fix-foot radius,- 
which about 7 or 8 years fince Mr. Reeves made for Mr. Gre- 
' gory, with which I made feveral trials. But it now appears 
that it was for a want of a good encbeiria> from which caufe 

" many 
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<£ many good experiments have been loft. Both which confide- 
« rations difcouraged me from attempting further that way ; efpe- 
« daily fince I found the parabola much more difficult to execute 
« than the hyperbola or ellipfis." 

From hence I might well infer, that the want of a good en- 
cheiria appeared not till now : and that Mr. Hook was difcouraged 
from attempting further that way, only by thefe 2 or 3 confide- 
rations : that a convex, as he prefumes, refracts more truly than 
a concave reflects : that he found no effect by one of fix foot ra- 
dius, which till now he attributed to fome other caufe than the 
want of a good encheiria ; namely, to the fupppfed iefs true re- 
flexion of a fpherical concave : and that he apprehended a greater 
difficulty of defcribing a parabola than an hyperbola or ellipfis. 
Nor could I well interpret the caufe, from which many good ex- 
periments have been loft, to have been other than the want of a 
good encheiria ; which till afterwards appears not to have been 
wanting. I contend not, that this was Mr. Hook's meaning ; but 
only that his words feemed to import thus much. Which gave 
me occafion to think, there was no diligence wanting in making 
the experiment ; efpecially fince he expreffeth, that he made fe- 
veral trials with it. 

And that you may not think I ftrained Mr. Gregory's fenfe, 
where he fpeaks of hyperbolic and elliptic glafles and fpeculums 
attempted in vain ; I could afk, to what end thofe fpeculums were 
attempted, if not to compofe optic inftruments ? Which is all I 
would infer from thofe words. For that thefe inftruments, if at 
all attempted, were attempted in vain, is evident by the want of 
fuccefs. 

This, Sir, I have faid, not that I defire to difcourage the trial 
of any practical way ; or to contend with Mr. Gregory about fo 
Render a difference. For I doubt not, but when he wrote his 
Optica Promota^ he could have defcribed more fafhions than one 
of thefe telefcopes, and perhaps have run through all the pofli- 
ble cafes of them, if he had thought it worth his pains. Be- 
caufe Mr. CaJJegrain propounded his fuppofed invention pomp- 
oufly, as if the main bufinefs was in the contrivance of thefe 
mftruments ; I thought fit to fignify, that that was none of his 

contrivance, 
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contrivance, nor fo advantageous as he imagined. And I have 
now fent you thefe further confiderations on Mr. Gregorfs anfwer, 
only to let you fee, that Ichofe the moft eafy and pra&icable way 
to make the firft trials. Others may try other ways. Nor do I 
think it material which way thefe inftruments are perfeded, fo 
they be perfected. 

xn. 

Mr. NEWTON'S anfwer to a letter of Mr. GREGORY'S, 
dated March 7, 1673, directed to Mr. COLLINS. 

SIR, Cambridge, 
' April 9, 1763. 

HAVING perufed Mr. Gregory's candid reply, I have thought Advantage rf 
good to fend thefe further confiderations upon the differences that mS 0B 
ftill are between us. And, firft, that a well poliflied plate reflects, ? IQV * 6 ' 
at the obliquity of 45 degrees, more truly than direct ones, feems 
to me very certain. For the flat tubercula, or fhaliow vallies, 
fuch as may be the remains of fcratches almoft worn out, will 
caufe the leaft errors in the obliqueft rays, which fall on all fides 
the hill, excepting on the middle of the forefide and backfide of 
it ; that is, where the hill inclines directly towards or directly 
from the ray. For if the ray fall on that fection of the hill, its 
error is, in all obliquities, juft double of the hill's declivity. But 
if it fall on any other part of the hill, its error is lefs than dou- 
ble, if it be an oblique ray; and that fo much the lefs, by how 
much the ray is obliquer. But if it be a direct ray, its error is 
juft double to the declivity, and therefore greateft in that cafe. 
I prefume, Mr. Gregory, if you think it convenient to tranfmit 
this to him, will eafily apprehend me. 

How the charge may be varied at pleafure in my telefcope, To vary the 
will appear by this figure, where a reprefents the great concave; pWureinrhe 
k» the eye-glafs ; and bcd, a prifm of glafs or cryftal ; whofe c ^ion. 
hdes, bc and bd, are not flat, but fpherically convex. So that 
the rays which come from g, the focus of the great concave a, 
may, by the refraction of the firft fide bc, be reduced into pa- 
ralleling ; and after reflexion from the bafe, cd, be made, by the 

Vol. IV. p p -refractioH 
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refraction of the next fide, 
bd, to converge to the fo- 
cus of the eye-glafs h. The 
telefcope being thus formed, 
sjj it appears how the charge 
may be altered, by varying 
the diftances of the glafles 
and fpeculum. 

As for the objection, that 
Mr. Gregorys telefcope will 
be either overcharged or have too fmall an. angle of virion, &c. 
I apprehend, that the difference between us lies in limiting the 
aperture of the eye-glafs. Mr. Gregory puts it equal to that of 
the little concave ; but I mould rather determine it by this pro- 
portion : That if a middle point be taken, between the eye-glafs, 
and its focus ; the apertures of the eye-glafs and concave be pro- 
portional to their diftances from, that point. That is, fuppofe 
ab the little concave; ef, the eye-glafs; gh, their common fo- 
cus or image ; and k, the mean diftance 
*r — ^L_^Jr- between gh and ef. From the extremityof 
\^~- — H^^ir AB draw AK > and BK > €uttin g on the eye- 
B glafs at f and e ; and ef mall be its aperture. 

Rc-.ftm of the The reafon of this limitation is,, that the fuperfluous light, 

Limitation*. 

which comes on all fides of the fpeculum, -ab, to the 1 pace, gh,, 
in which the picture of the object is made, may fall befides the 
eye-glafs. For if it fliould pafs through it to the eye, it would 
exceedingly blend thofe parts of the picture with which it is- 
mixed ;. and fuch are thofe parts of it which extend themfelves 
beyond the lines ak, bk : as I remember I faid in my former let- 
ter ; that the fcattering light,, which falls on the eye-glafs, will 
dilturb the vifion. And this is to be underftood of any ftraggling 
light, which comes not from the picture. But if it come from 
the picture to the eye-glafs, the difturbance will be much great- 
er, fo as not to be allowed of. Againft the firft I fee no very 
convenient remedy ; and againft the laft, none but affigning a 
fmall aperture to the eye-glafs, fuppofing the telefcope is ufed in 
the day-time, or in too great light, or to view the moon, or any 

ftar 



TELESCOPE S, ftQf 
ftar very near Tier, or near the brighter planets. And if for this 
reafon the aperture be limitted by any rule ; the angle of vifion 
will become very fmall, as I affirmed : for inftance, in that cafe 
when Mr. Gregory in his poftfeript puts it about 10 degrees, it 
will be reduced to lefs than half a degree. Yet I confefs there 
is a way, by which the angle of vifion may be fomething en- 
larged, but it will not be very confiderably, unlefs the eye-glafs 
be alio deeper charged. 

Why I aflign a concave with an eye-glafs to magnify fmall ob-whyii,eF vc . 
jects (in Tranf. p. 3080) and yet an eye-glafs without fuch a con-Sout"^ 
cave to magnify the image of the great concave, Which is equi- Coucave * 
valent to a fmall object, is, becaufe that image doth not require 
to be magnified fo much as an object by a miefofcope : and, fur- 
ther, becaufe the angle of the pencil of rays, which flow from 
any point of the fmall object, that the object may appear fufli- 
dehtly luminous, ought to be as great as poffible : and a concave 
will with equal diftinctnefs reflect the rays at a greater angle of 
the pencil than in a lens : but in the telefcope the angles of thefe 
pencils are not fo great as to tranfeend the limits, at which an 
eye-glafs may, with fufHcient diftinctnefs, refract them ; and there- 
fore in thefe inftruments, I choofe to lay all the ftrefs of magni- 
fying upon the eye-glafs as it is well capable of ; and the excels 
only upon the concave. 

Concerning my citation of Mr. Gregory againft Mr. Cqfegram, 
the force of it lies only in the inference, that optic inftruments 
moft probably, according to Mr. CaJfegrairCs delign, had been tried 
by reflexion ; which I think I might well infer, without having 
regard to the fpecific figure of the fpeculum, which Mr. Gregory 
there fpoke of. And therefore I think it cannot be faid, that I 
made him fpeak of fpheric figures, where his meaning was of 
hyperbolic or elliptic ones. But if I fhould be fo underftood, be- 
caufe I put the figure of the great concave to be fpherical, wher- 
ever I fpecified it ; I know not why I might not, by way of con- 
fequence, make that interpretation. For it is not probable, that 
any man would attempt hyperbolic and elliptic figures of fpecu- 
lums, until the event of fpherical ones had been firft tried. 
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And accordingly the trial of Mr. Gregory with Mr. Reeve was 
by a fpherical figure; which trial, although I am now fatisfied 
that it was made very rudely ^ yet by the information that I had 
of it, when I wrote the letter about Mr. Cajegrain, I apprehended 
it to have been made with great diligence and curiofity ; as I fig- 
nified in my former letter at large. And this I hope may excufe 
me for fpeaking of it in the Tranfa&ions, as if it had been tried 
with more accuracy than really it Was. And thus much concern- 
ing the telefcope. 

The defign of the burning fpeculum appears to me very plau- 
fible, and worthy of being put in practice. What artifts may 
think of it, I know not ; but the greateft difficulty in the prac- 
tice, that occurs to me, is to proportion the two furfaces fo, that 
the force of both may be in the fame point according to the theo- 
ry ; but perhaps it is not neceffary to be fo curious. For it feems 
to me, that the effect would fcarce be fenfibly lefs, if both fides 
mould be ground. to the concave and gage of the feme tool* 
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O perform my late promife to you, 1 mail without further of the 

. 1-1 rra f ^ ... coloured 

ceremony acquaint you, that in the year 1000 (at which prifmatic 
time I applied myfelf to the grinding of optick-glafTes of other pearum * 
figures than fpherical) 1 procured me a triangular glafs-prifm, to 
try therewith the celebrated phaenomena of colours. And in or- 
der thereto, having darkened my chamber, and made a fmall 
hole in my window-muts, to let in a convenient quantity of the 
fun's light, I placed my prifm at its entrance, that it might be 
thereby refracted to the oppofite wall. It was at firft a very pleaf- 
ing divertifement, to view the vivid and intenfe colours produced 
thereby; but after a while applying myfelf to confider them 
more circumfpectly, I became furprifed to fee them in an oblong 
form ; which, according to the received laws of refractions, I 
expected mould have been circular. They were terminated at 
the fides with ilreight lines, but at the ends the decay of light 
was fo gradual, that it was difficult to determine juftly what v»as 
their figure, yet they feemed femicircular. 

Comparing the length of this coloured fpetfrwn with its^rdonof 
breadth, I found it abont five times greater; a difproportion lothe SpJdrum 

' ^ . ,~ to its Dreau.h. 

extravagant, that it excited me to a more than ordinary curiouty 
of examining from whence it might proceed. I could fcarcc- 
think, that the various thicknefs of the glafs, or the termination 

with 
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Thedifpro- w ith fliadow or darknefs, could have any influence on light to 
STL produce fuch an effeft : yet I thought it not amifs, firft to exa- 
confi^eofthe mine thofe c i rcum ft anceSj an d fo tried what would happen by 
tranfmitting light through parts of the glafs of divers thicknefTes, 
or through holes in the window of divers bignefTes, or by fetting 
the prifm without, fo that the light might pafs through it, and 
be refra&ed, before it was terminated by the hole : but I found 
none of thofe circumftances material. The fafhion of the co- 
lours was in all thefe cafes the fame. 
N<-rof any Then I fufpected, whether by any unevennefs in the glafs, or 
the giafs! other contingent irregularity, thefe colours might be thus di- 
lated. And to try this, I took another prifm like the former, 
and fo placed it, that the light pafling through them both, might 
be refracted contrary ways, and fo by the latter returned into 
that courfe from which the former had diverted it : for by this 
means I thought the regular effects of the firft prifm would be 
deftroyed by the fecond prifm, but the irregular ones more aug- 
mented, by the multiplicity of refractions. The event was, that 
the light, which by the firft prifm was diffufed into an oblong 
form, was by the fecond reduced into an orbicular one, with as 
much regularity as when it did uot at all pafs through them. So 
that whatever was the caufe of that length, it was not any con- 
tingent irregularity. 
Nor of the I then proceeded to examine more critically, w r hat might be 

tHiitrent ire - . J 7 0 

denceofras effected by the difference of the incidence of rays coming from 
pam oi iu divers parts of the lun ; and to that end, meafured the feveral 
bun * lines and angles belonging to the image. Its diftance from the 
hole or prifm was 22 foot; its utmoft length 13^ inches; its 
breadth 2 j ; the diameter of the hole \ of an inch. The angle 
which the rays, tending towards the middle of the image, made 
with thofe lines, in which they would have proceeded without 
refraction, was 44 deg. 56 min. and the vertical angle of the 
prifm 63 deg. 12 min. Alfo the refraaions on both fides the 
prifm, that is, of the incident and emergent rays, were, as near 
as I could make them, equal; and confequently about 54 deg. 4 
min. And the rays fell perpendicularly upon the wall. Now 
fubducting the diameter of the hole from the length and breadth 
7 of 
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of the image, there remains 1 3 inches in the length, and 2} the 
breadth, comprehended by thofe rays which pafled through the 
center of the faid hole ; and confequently the angle of the hole, 
which that breadth fubtended, was about 31 min. anfwerable to 
the fun's diameter ; but the angle which its length fubtended, 
was more than 5 fuch diameters, namely, 2 deg. 49 min. 

Having made thefe obfervations, I firft computed from them 
the refra&ive power of that glafs, and found it meafured by the 
ratio of the fines 20 to 31 ; and then by that ratio I computed 
the refractions of two rays flowing from oppofite parts of the 
fun's difcus, fo as to differ 3 1 min. in their obliquity of incidence, 
and found that the emergent rays Ihoukl have comprehended an 
angle of about 31 min. as they did before they were incident. 

But becaufe this computation was founded on the hypothefis 
of the proportionality of the fines of incidence and refraction, 
which though by my own experience I could not imagine to be 
fo erroneous, as to make that angle but 3 1 min. which in reality 
was 2 deg. 49 min. yet my curiofity caufed me again to take my 
prifm : and having placed it at my window, as before, I obferved, 
that by turning it a little about its axis to and fro, fo as to vary 
its obliquity to the light, more than an angle of 4 or 5 degrees, 
the colours were not thereby fenfibly tranllated from their place 
on the wall ; and confequently by that variation of incidence, 
the quantity of refradion was not fenfibly varied. By this ex- 
periment, therefore, as well as by the former computation, it 
was evident, that the difference of the incidence of rays, flowing 
from divers parts of the fun, could not make them after decuf- 
fation diverge at a fenfibly greater angle, than that at which they 
before converged ; which being at moft but about 3 1 or 32 min. 
there ftill remained fome other caufe to be found out, from 
whence it could be 2 deg. 49 min. 

Then I began to fufpect, whether the rays, after their trajec- Nor from a 

■ *i_ » /- 11 curvilinear 

non through the prifm, did not move in curve lines, and accord- motion of the 
ing to their more or lefs curvity, tend to divers parts of the wall, j^f ed 
And it increafed my fufpicion, when I remembered that I had 
often feen a tennis-ball, ftruck with an oblique racket, defcribe 
fuch a curve line. For, a circular as well as a progreflive mo- 
Vol. IV. Q q tion 
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tion being communicated to it by that ftroke, its parts, on that 
fide where the motions confpire, muft prefs and beat the con- 
tiguous air more violently than on the other, and there excite a 
reluctancy and re-action of the air proportion ably greater. And 
for the fame reafon, if the rays of light mould poffibly be glo- 
bular bodies, and by their oblique palfage out of one medium 
into another acquire a circulating motion; they ought to feel the 
greater refiftance from the ambient aether, on that fide where the 
motions confpire, and thence be continually bowed to the other. 
But notwithftanding this plaufible ground of fufpicion, when I 
came to examine it, I could obferve no fuch curvity in them. 
And befides (which was enough for my purpofe) I obferved, that 
the difference betwixt the length of the image and the diameter 
of the hole, through which the light was tranfmitted, was pro- 
portionable to their diftance. 
Experimen- The gradual removal of thefe fufpicions at length led me to 
tum mi.. experimentum crucis> which was this. I took two board?, 
and placed one of them clofe behind the prifm at the window, fo 
that the light might pafs through a fmall hole, made in it for 
the purpofe, and fall on the other board, which I placed at about 
1 2 feet diftance, having firft made a fmall hole in it alfo for fome 
of that incident light to pafs through. Then I placed another 
prifm behind this fecond board, fo that the light trajecled 
through both the boards might pafs through that alfo, and be 
again refradted before it arrived at the wall. This done, I took 
the firft prifm in my hand, and turned it to and fro flowly about 
its axis, fo much as to make the feveral parts of the image, caft 
on the fecond board, fucceflively pafs through the hole in it, that 
I might obferve to what places on the wall the fecond prifm would 
refract them. And I faw, by the variation of thofe places, that 
the light, tending to that end of the image towards which the 
refraction of the firft prifm was made, did in the fecond prifm 
fuffer a refraction conliderably greater than the light tending to 
the other end And fo the true caufe of the length of that 
image was detected to be no other, than that light is not fimilar 
or homogeneal, but confifts of dijform rays, fome of which are 
more refrangible than others \ fo that without any difference in 
2 their 
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their incidence on the fame medium, fome ftiall be more refracled 
than others ; and therefore that, according to their particular de- 
grees of refrangibility, they were tranfmitted through the prifm 
to divers parts of the oppofite wall. 

When : I underftood this, I left off my aforefaid glafs- True caufe o 
works ; for I faw, that the perfection of telefcopes was hitherto tion 
limited, not fo much for want of glaffes truly figured according rdeftc 
to the prefcriptions of optick authors (which all men have hi- 
therto imagined) as becaufe that light itfelf is an heterogeneous 
mixture of differently refrangible rays : fo that were a glafs fo ex- 
actly figured as to collect any one fort of rays into one point, it 
could not collect thofe alfo into the fame point, which, having 
the fame incidence upon the fame medium, are apt to fuffer a 
different refraction. Nay, I wondered, that feeing the differ- 
ence of refrangibility was fo great as I found, telefcopes mould 
arrive to that perfection they are now at : for, meafuring the re- 
fractions in one of my prifms, I found, that fuppofing the com- 
mon fine of incidence upon one of its planes was 44 parts, the 
line of refraction of the utmoft rays on the red end of the co- 
lours, made out of the glafs into the air, would be 68 parts; 
and the fine of refraction of the utmoft rays on the other end, 
69 parts ; fo that the difference is about a 24th or 25th part of 
the whole refraction. And, confequently, the objedt-glafs of any 
telefcope cannot collect all the rays which come from one point 
of an object, fo as to make them convene at its focus in lefs room 
than in a circular fpace, whofe diameter is the 50th part of the 
diameter of its aperture ; which is an irregularity, fome hun- 
dreds of times greater than a circularly figured lens, of fo fmall 
a lection as the object-glafles of long telefcopes are, would caufe 
by the unfitnefs of its figure, were light uniform. 

This made me take reflections into confideration ; and finding 
them regular, fo that the angle of refleaion of all forts of rays 
was equal to their angle of incidence, T underftood, that by their 
mediation optick inftruments might be brought to any degree of 
perfeaion imaginable, provided a reflefiing fubftance could be 
found which would polifh as finely as glafs, and reflea as much 
light as glafs tranfmits, and the art of communicating to it a pa- 

Q q 2 rabolick 
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rabolick figure be alfo attained. But thefe feemed very great 
difficulties, and I have alfo thought them infuperable, when I 
farther confidered, that every irregularity in a reflecting fuperfi- 
cies makes the rays ftray 5 or 6 times more out of their due 
courfe, than the like irregularities in a refracting one : fo that a 
much greater curiofity would be here requilite, than in figuring 
glafTes for refraction. 
Reflcsin Amidft thefe thoughts, I was forced from Cambridge, anno 
Tdeicope. 1 666, by the intervening plague, and it was more than two years 
before I proceeded further. But then having thought on a ten- 
der way of polifhing, proper for metal, whereby, as I imagined, 
the figure would be corrected to the laft; I began to try what 
might be effected in this kind, and by degrees fo far perfected an 
inftrument, in the eflential parts of <it Hke that I fent to London, 
by which I could difcern Jupiter's four concomitants, and fliewed 
them divers times to two others of my acquaintance. I could 
alfo difcern the moon-like pbafe of Venus, but not very diftinct- 
ly, nor without fome nicenefs in difpofing the inftrument. 

From that time I was interrupted till this laft autumn, when 
I made another. And as that was fenfibly better than the firft, 
especially for day-objects, fo I doubt not but they will be ftill 
brought to a much greater perfection by their endeavours, who, 
as you inform me, are taking care about it at London. 
MkS; 0 ope 1 have fometimes thought to make a microfcope, which mould 
by Reflexion, have, inftead of an object-glafs, a reflecting piece of metal. For 
c^ x> thefe inllruments feem as capable of improvement 
as telecopies, and perhaps more ; becaufe but one 
reflective piece of metal is reqnifite in them, as 
you may perceive by the diagram ; where ac re- 
prefenteth the object-metal; cd, the eye-glafs ; F, 
their common focus; and o, the other focus of the 
metal, in which the object is placed. 
But to return from this digremon, 1 told you, that light is not 
fimilar or homogeneral, but confifts of difForm rays, fome of 
which are more refrangible than others : fo that of thofe which 
are alike incident on the fame medium, fome fhallbe more re- 
iraaed than others ; and that not by virtue of the glafs, or other 

external 
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external caufe, but from a pre-difpofition, which evary particular 
ray hath to fuffer refraction. 

I shall now proceed to acquaint you with another more notable Origin of 
diffbrmity in its rays, wherein the origin of colours is unfolded : 
concerning which I ihall lay down the doctrine firft ; and then, 
for its examination, give you an inftance of two of the experi- 
ments, as a fpecimen of the reft. 

The doctrine you will find comprehended and illuftrated in the 
following propofitiams. 

I. As the rays of light differ in degrees of refrangibility, fo* 
they alfo differ in their difpofttion to exhibit this or that particular 
colour. Colours are not qualifications of light, derived from re- 
fractions, or reflections of natural bodies (as it is generally be- 
lieved) but original and connate properties, which in divers rays- 
are divers. Some rays are difpofed to exhibit a Red colour, and 
no other ; fome a Yellow, and no other ; fome a Green, and no 
other ; and fo of the reft. Nor are there only rays proper and 
particular to the mare eminent colours, but even to all their in- 
termediate gradations. 

II. To the fame degree of refrangibility ever belongs the fame 
colour, and to the fame colour ever belongs the fame degree of 
refrangibility. The leaft refrangible rays are all difpofed to ex- 
hibit a Red colour ; and contrarily, thole rays which are difpofed 
to exhibit a Red colour, are all the leaft refrangible: - fo the moft 
refrangible rays are all difpofed to exhibit a deep Violet colour;: 
and contrarily, thofe which are apt to exhibit fuch a Violet co- 
lour, are all the moft refrangible : and fo to all the intermediate 
colours in a continued feries belong intermediate degrees of re- 
frangibility. And this analogy betwixt colours and refrangibility. 
is very precife and ftria; the rays always either exadly agreeing , 
in both, or proportionably difagreeing in both. 

III. The fpecies of colour, and degree of refrangibility proper 
to any particular fort of rays, is not mutably byrefraaion, nor 
by reflection from natural bodies, nor by any other caufe that I 
could yet obferve. When any one fort of rays hath been well 
parted from thofe of other kinds, it hath afterwards obftmately 
retained its colour, notwithftanding my utmoft endeavours to* 

change 
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origin of change it. I have ref rafted it with prifms, and reflefted it with 
bodies, which in day-light were of other colours ; I have inter- 
cepted it with the coloured film of air, interceding two compref- 
fed plates of glafs ; tranfmitted it through coloured mediums, and 
through mediums irradiated with other forts of rays, and diverfly 
terminated it ; and yet could never produce any new colour out 
of it. It would, by contracting or dilating, become more brifk, 
or faint, and by the lofs of many rays, in fome cafes very ob- 
fcure and dark ; but I could never fee it changed in fpecie. 

IV. Yet feeming tranfmutations of colours may be made, where 
there is any mixture of divers forts of rays : for in fuch mix- 
tures, the component colours appear not ; but, by their mutual 
allaying each other, conftitute a middling colour. And there- 
fore, if by refraction, or any other of the aforefaid caufes, the 
difform rays, latent in fuch a mixture, be feparated, there mall 
emerge colours different* from the colour of the compofition. 
Which colours are not new generated, but only made apparent 
by being parted ; for if they be again intirely mixed and blended 
together, they will again compofe that colour, which they did 
before-feparation. And, for the fame reafon, tranfmutations, 
made by the convening of divers colours, are not real ; for when 
the difform rays are again fevered, they will exhibit the very fame 
colours, which they did before they entered the compofition ; as 
you fee Blue and Yellow powders, when finely mixed, appear to 
the eye Green ; and yet the colours of the component corpufcles 
are not thereby really tranfmuted, but only blended. For when 
viewed with a gcod microfcope, they ftill appear Blue and Yellow 
interfperfedly. 

V. There are therefore two forts of colours, the one original 
and fimple, the other compounded of thefe. The original or 
primary colours are, Red, Yellow, Green, Blue, and a Violet- 
Purple, together with Orange, Indico, and an indefinite variety 
of intermediate gradations. 

VI. The fame colours in fpecie, with thefe primary ones, may 
be alfo produced by compofition. For a mixture of Yellow and 
Blue makes Green; of Red and Yellow makes Orange; of 
Orange and Yellowifh Green makes Yellow. And, in general, 

• if 
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if any two colours be mixed, which in the feries of thofe gene-Cokors. 
rated by the prifm are not too far diftant from one another ; they, 
by their mutual alloy, compound that colour, which in the faid 
feries appeareth in the midway between them. But thofe which 
are fituated at too great a diftance, do not fo. Orange and Indico- 
produce not the intermediate Green, nor Scarlet and Green the 
intermediate Yellow. 

VII. But the moft furprizing and wonderful compofition was 
that of Whitenefs. There is no one fort of rays which alone can. 
exhibit this. It is ever compounded ; and to its compofition are- 
requifite all the aforefaid primary colours, mixed in a due propor- 
tion. I have often with admiration beheld, that all the colours- 
of the prifm being made to converge, and thereby to be again, 
mixed, as they were in the light before it was incident upon the 
prifm, reproduced light entirely and perfectly White, and not 
at all fenfibly differing from a direct lighi of the fun, unlefs when 
the glaffes I ufed were not fufficiently clear; for then they would ; 
a little incline it to their colour. 

VIII. Hence,, therefore,, it corner to pafs, that Whitenefs is the. 
ufual colour of light ; for light is a confufed aggregate of rays 
indued with all forts of colours, as they were promifcuoufly 
darted from the various parts of luminous bodies. And of fuch« 
a confufed aggregate, as I faid, is generated Whitenefs, if there 
be a due proportion of the ingredients ; but if any one predo- 
minate, the light muft incline to that colour ; as it happens im 
the blue flame of brimftone; the yellow flame of a candle.;, and* 
the various colours of the fixed ftars.. 

IX. Thefe things confidered, the manner how colours- are pro- 
duced by the prifm is evident.. For, of the rays, conftituting^ 
the incident light, fince thofe which differ in colour proportion- 
ally differ in refrangibility, they,, by their unequal refractions,, 
muft be fevered and difperfed into an oblong form in an. orderly; 
fucceffion, from the leaft refraaed Scarlet, to the moft refraaed. 
Violet. And for the fame reafon it is r that objeas, when looked) 
upon through a prifm, appear coloured. For the differm rays,, 
b y their unequal refraaions, are made to diverge towards feveral; 
Parts of the retina^ and there exprefs the images of things co- 
loured 
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■; g i»of loured; as in the former cafe they did the fun's image upon a 
wall. And by this inequality of refractions., they become not 
only coloured, but alfo very confufed and indiftincl. 

X. Why the colours of the rainbow appear in falling drops 
of rain, is alfo from hence evident. For thofe drops, which re- 
fract the rays difpofed to appear Purple in greateft quantity to 
the fpe&ator's eye, refract the rays of other forts fo much lefs, 
as to make them pafs beiide it ; and fuch are the drops on the 
infide of the primary bow, and on the outfide of the feconclary 
or exterior one. So thofe drops, which refracl: in greateft plenty 
the rays apt to appear Red toward the fpe£tator*s eye, refract 
thofe of other forts fo much more, as to make them pafs befide 
it ; and fuch are the drops on the exterior part of the primary, 
.and interior part of the fecondary bow. 

XI. The odd phenomena of an infufion of lignum nepbriti- 
>cum, leaf-gold, fragments of coloured glafs, and feme other 
tranfparently coloured bodies, appearing in one pofition of one 
colour, and of another in another, are on thefe grounds no longer 
riddles. For thofe are fubftances apt to reflecT: one fort of light, 
and tranfm.it another ; as may be feen in a dark room, by illu- 
minating them with fimilar or uncompounded light. For then 
they appear of that colour only with which they are illuminated ; 
but yet in one pofition more vivid and luminous than in another, 
accordingly as they are difpofed more or lefs to reflect or tranf- 
mit the incident colour. 

XII. From hence alfo is manifeft the reafon of an unexp^cled 
experiment, which Mr. Hook, fomewhere in his Micrography, re- 
lates to have made with two wedge-like tranfparent veffels, filled 
the one with a Red, the other with a Blue liquor : namely, that 
though they were feverally tranfparent enough, yet both toge- 
ther became opake : for if one tranfmitted only Red, and the 
other only Blue, no rays could pafs through both. 

XIII. I might add more inftances of this nature, but I mall 
conclude with this general one : That the colours of all natural 
bodies have no other origin than this; that they are varioufly qua- 
lified to reflea one fort of light in greater plenty than another. 
And this I have experienced in a dark room, by illuminating 

thofe 
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thofe bodies with uncompounded light of divers colours. For Colour, 
by that means any body may be made to appear of any colour. 
They have there no appropriate colour, but ever appear of the 
colour of the light caft upon them ; but yet with this difference, 
that they are moft briflc and vivid in the light of their own day- 
light colour. Minium appeareth there of any colour indifferent- 
ly, with which it is illuftrated ; but yet moft luminous in Red : 
and fo Bife appeareth indifferently of any colour, with which it is 
illuftrated; but yet moft luminous in Blue : and therefore Minium 
refle<Steth rays of any colour, but moft copioufly thofe endowed 
with Red r and confequently when illuftrated with day-light, that 
is, with all forts of rays promifcuoufly blended, thofe qualified 
with Red fhall abound moft in the refle&ed light, and by their 
prevalence caufe it to appear of that colour. And for the fame 
reafon Bife, refleding Blue moft copioufly, lhall appear Blue by 
the excefs of thofe rays in its refteaed light ; and the like of 
other bodies. And that this is the entire and adequate caufe of 
their colours is manifeft, becaufe they have no power to change 
or alter the colours of any fort of rays incident apart, but put on 
all colours indifferently, with which they are enlightened. 

Thefe things being fo, it can be no longer difputed, whether gj'™' 
there be colours in the dark, or whether they be the qualities of 
the objeas we fee ; no, nor perhaps whether light be a body. 
For, fince colours are the qualities of light, having its rays for 
their intire and immediate fubjea, how can we think thofe rays 
qualities alfo, unlefs one quality may be the fubjea of, and fuf- 
tain another ? which, in effea, is to call it fubftance. We Ihould 
not know bodies for fubftances, were it not for their fenfible qua- 
lities ; and the principal of thofe being now found due to fome- 
thing elfe, we have as good reafon to believe that to be a fub- 
ftance alfo. 

Befides, who ever thought any Quality to be a heterogeneous 
aggregate, fuch as light is difcovered to be ? But to determine 
more abfolutely what light is, after what manner refraaed, and 
by what modes or aaions it produceth in our minds thephantafms 
of colours, is not fo eafy: and I fliall not mingle conjeaures 
with certainties. 

Vol. IV. R r Reviewing 
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Reviewing what I have written, I fee the difeoiirfe itfelf will 
lead to divers experiments fufficient for its examination : and 
therefore I fhall not trouble you farther than to defcribe one of 
thofe which I have already infinuated. 

In a darkened room make a hole in the fhut of a window, 
whofe diameter may conveniently be about a third part of an 
inch, to admit a convenient quantity of the fun's light : and 
there place a clear and colourlefs prifm, to refract the entering 
light towards the further part of the room ; which, as I faid* will 
thereby be diffufed into an oblong coloured image. Then place 
a lens of about 3 foot radius, fuppofe a broad object-glafs of a 
three foot telefcope, at the diftance of about 4 or 5 foot from 
thence, through which all thofe colours may at once be tranfmif- 
ted, and made by its refraction to convene at a further diftance 
of about 10 or 12 feet. If at that diftance you intercept this 
light with a meet of white paper, you will fee the colours con- 
verted into Whitenefs again by being mingled. But it is requi- 
fite that the prifm and lens be placed fteady, and that the paper, 
on which the colours are caft, be moved to and fro ; for by fuch 
motion you will not only find at what diftance the Whitenefs is 
moil perfect, but alfo fee how the colours gradually convene and 
vanim into whitenefs ; and afterwards, having crofted one an- 
other in that place where they compound whitenefs, are again 
diflipated and fevered, and, in an inverted order, retain the fame 
colours w hich they had before they entered the compofition. You 
may alfo fee, that if any of the colours at the lens be intercept- 
ed, the whitenefs will be changed into the other colours. And 
therefore, that the compofition of whitenefs be perfect, care muft 
be taken that none of the colours fall befides the lens. In the 
annexed defign of this experiment, abc \yid. LeB. Opt. Par. IL 
"Tab. UL fig. 14.] exprefleth the prifm fetendwife to fight, clofe 
by the hole f, of the window eg. Its vertical angle, acb, may 
conveniently be about 63 deg. mn deligneth the lens: its 
breadth, 2 i, or 3 inches, of, one of the ftraight lines, in which 
difform rays may be conceived to flow fucceffively from the fun. 
fp, and ft, two of thofe rays unequally refracted, which the 
lens makes to converge towards x, and after decuflation to di- 
verge 
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verge again. And pt, x, bJ, the paper, at divers diftances, ©n 
which the colours are projected ; which in x eonftitute whitenefs, 
but are Red and Yellow in t, and t, and Blue and Purple in p, 
and 7:. 

If you proceed further to try the impoffibility of changing Immutability 
any uncompounded colour, which I have afferted in the 3d and ncaiLijuT 
1 3th Proportions, it is requifite that the room be made very 
dark ; left any fcattering light, mixing with the colour, difturb 
and allay it, and render it compound contrary to the defign of the 
experiment : it is alfo requilite that there be a perfecter feparation 
of the colours, than, after the manner above defcribed, can be 
made by the refraction of one iingle prifm ; and how to make 
fuch further feparations, will fcarce be difficult to them that con- 
fider the difcoyered laws of refractions. But if trials Ihall be 
made with colours not throughly feparated, there muft be al- 
lowed changes proportionable to the mixture. Thus if com- 
pound Yellow light fall upon the Blue bife, the bife will not ap^- 
pear perfectly Yellow, but rather Green : becaufe there are in the 
Yellow mixture many rays endued with Green ; and Green, being 
lefs remote from the ufual Blue colour of bife than Yellow, is the 
more copioufly reflected by it. 

In like manner, if any one of the prifmatic colours, fuppofe 
Red, be intercepted, on defign to try the aflerted iropoflibility of 
reproducing the colour out of the others which are pretermit* 
ted ; it is neceflary, either that the colours be very well parted 
before the Red be intercepted, or that together with the Red, the 
neighbouring colours, into which any Red is fecretly difperfed, 
that is, the Yellow and perhaps Green too, be intercepted : or elfe, 
that allowance be made for the emerging of fo much Red out of 
the Yellow-green, as may poflibly have been diffufed, and fcat- 
teringly blended in thofe colours. And if thefe things be ob- 
ferved, the new production of Red, or of any other intercepted 
colour, will be found impoflible. 

This I conceive is enough for introduction to experiments of this 
kind ; which, if any of the Royal Society mall be fo curious as to 
profecute, I ihall be very glad to be informed with what iuccefs : 
that if any thing feeni to be defe&ive, or to thwart this relation, 

R r a I may 



3 o8 THEORY OF 

I may have an opportunity of giving further dire<5tion about it 5 
or of acknowledging my errors, if I have committed any. 

II. 

NEWTON US OLDENBURGO S. 
Reply to ACCEPI obfervationes Reverendi Patris Ignatii Pardies in 

Ignatius . _ ° 

Pardks. Epiltolam meam de Lucis refrattionibus et Coloribus ad te con- 
fcriptam ; quo nomine me illi devin<5lum agnofco ; atque hsec 
difficultatibus, quas propofuit, diluendis refcribo. 
tTe e prhmatic Im P rimis ait longitudinem folaris imaginis, a refra&ione prif- 
iniage of the matis refraaione efFedtam, non alia indisrere caufa. quam diverfa 

Sun not ,. , . 0 ' x 

caufed by un- radiorum ab oppolitis partibus folaris difci profluentium inciden- 

rience of the 

tia ; adeoque non probare diverfam refrangibilitatem radiorum. 
Rl >' s - Et quo affertionis ejus veritatem confirmet, oftendit cafum, in 
quo ex diverfa incidentia triginta minutorum, differentia refrac- 
tionis poteft elTe duorum graduum cum viginti tribns minutis, 
vel etiam paulo major, prout exigit meum experimentum. Sed 
hallucinatus eft reverendus Pater : nam refraaiones a diverfa 
parte prifmatis, quantum poteft inaequales ftatuit R. P. Pardies, 
cum tamen ego turn in experiments, turn in calculo de experi- 
ments iftis inito, aequales adhibuerim. Sit autem abc * prifmatis 
feaio ad axem ejus perpendicularis ; xl, 8c yk, radii duo in F 
(medio foraminis) decuffantes, 8c in prifma illud incidentes ad k, 
Scl; fintque eorum refra&i kh, & li, acdenuo hp, & it. Et 
cum refraaiones ad latus ac, aequales effe refradionibus ad latus 
bc, quam proxime fuppofuerim ; ii ac, & bc, ftatnantur aequa- 
lia, fimilis erit radiorum kh, & li ad ab, bafin prifmatis, in- 
clinatio ; adeoque ang. cli = ang. chk ; 8c ang. cil = ang. ckh. 
Quare etiam refraaiones in k, 8c 1, aequales erunt; ut 8c in l, 
8c h ; atque adeo ang. pha = ang. flb ; 3c ang. tia = ang. bkf ; 
Sc proinde refraaorum hp, & it, eadem erit ad invicem incli- 
natio, ac eft incidentium radiorum fl, 8c fk. Sit ergo angulus 
kfl, 30 min. aequalis nempe folari diametro, 8c erit angulus, 
quem hi, 8c mn, comprehendunr, etiam 30 min. fi modo radii 
fl, 8c fk, aequaliter refrangibiles ftatuantur. At mihi experi- 
enti prodiit angulus ille circiter a gr. 49 min. quem radius hp, 

* Vide Opt. Book I. Par. I. Tab. III. fig. 13. 

extremum 
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extremum violaceum colorem, 8c mn, cseruleum exhibens, con- 
ftituere; ac proinde radios illos diverfimode refrangibiles effe, live 
refraaiones fecundum difparem finuum incidentiae 8c refraaionis 
rationem peragi, ncceffario concedendum eft. 

Addit praeterea R. P. qudd non fufficit ad obeundum rite calcu- 
lum, ex longitudine imaginis impaaae in chartam fubtrahere 
magnitudinem foraminis feneftrae ; quandoquidem etiam pofito 
foramine indivifibili, adhuc fieret aliud veluti foramen latum in 
pofteriori fuperficie prifmatis. Mihi tamen videtur, his non ob- 
ftantibus, quod refraaiones radiorum, in anterior! aeque ac pof- 
teriori fuperficie prifmatis decuffantium, ex adhibitis principiis 
poflint rite computari. Sed fi res fecus elfet, latitudo hiatus in 
pofteriori fuperficie, quod ad inftar foraminis eft, haud efficeret 
errorem duorum minutorum fecundorum ; 8c in rebus praaicis 
non operae pretium duco ad minutias iftas attendere. 

Illi infuper experimento, quod Cruris vocaveram, nihil adverfa- ^"^"J 
tur R.P. dum contendit, inaequales radiorum, diveriis coloribus the dtimnt 

... rr n. c colours in the 

imbutorum, refraaiones, ex maequahbus incidentus eftectas iu- Exptr>m». 
iife. Nam radiis per duo admodum parva, ab invicem diftantia, j£ by 
8c immota foramina tranfeuntibus, incidentiae illae, prout ego^j^ 
experimentum inftitui, omnino aequales erant, 8c tamen refrac- 
tiones liquido inaequales. Sin ille de experimentis noftris dubi- 
tet, ,oro, ut radiorum diverfis coloribus praeditorum refraaiones 
ex incidentiis paribus menfuret, 8c fentiet inaequales effe. Si 
modus ille, quem ego ad hoc negotium adhibui, minus placeat 
(quo tamen nullus poteft effe luculentior) facile eft alios excogi? 
tare, ficut 8c alios ipfe haud paucos cum fruau expertus fum. 

Contra Theoriam de coloribus objicitur, qu6d pulveres diverforOh^n, 
rum coloruni permifti non candidum fed fubobfeurum 8c fufcum mixture of 

* n't. .••coloured 

colorem exhibent. Mihi vero albus, niger 8c omnes intermedii po ,. ders 
fufci, qui ab albo 8c nigro permiftis componi poffunt, non fpecie an<werc • 
coloris fed quantitate lucis tantum differre videntur. Et ciim in 
miftione pigmentorum, fingula corpufcula non nift proprium co- 
lorem refleaant, adeoque maxima pars lucis incidents fupprima- 
tur 8c retineatur : lux reflexa fubobfeura evadet, 8c quafi cum. 
tenebris permifta; adeo ut non intenfum alborem, fed qualem. 
nigredinis permiftio conficit, hoc eft fufcum, exhibere debeat., 
^ * Objicitur 
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objection Objicitur deinde, quod a liq-seribus <pibufcunque diverfi colo- 
mSJreof lis in eodem vafe commiftis, aeque ac in diverfis vans contentis, 
fl'-is ifthe opacity oriY1 debet *> qttbd' tamen,' aSt, verum fton efife. Sednon 
fameveirci video confequentiam. Ntav pfommi liquores agunt in fe invi- 
■uiwerca. ^ novam libi muttid partium contexturam fecreto inducunt ; 

nnde opaci, diaphani, vel variis c-oloribus, cx ooloribus permifto- 
rum nullo modo oriundis, prcediti evadere poflunt. Et hac de 
caufa experimenta htijufmodi minus apta Temper exiltimavi, i 
quibus conolufiones deduci poffint. Subnoto tamen, quod ad hoc 
experimentum requiruntur Ikjwres faturis ■& mtefifis coloribus 
prsediti, qui perpaueos nifi propria colons radios tranfmktant ; 
quales rar6 occurrmvt, ut videMtur illuminando liquores cum di- 
verfis coloribus prifmatis in obfcurato cubiculo. Nam pauci re- 
perientur, qui in propriis cotoribus fatis diaphani appareant, in- 
qne alienis opaci. Convenit praet-erea, ut adhibiti col ores 4int 
inter fe oppofiti, quales ^xiftimo fore rubrum Be caeruleum, vel 
flavum & violaceum, vel €tiam virklem &: purpureum ilium qui 
ejecineo affinis eft. Et ex hujufmodi liquoribus nonnuHi, quo- 
rum partes tingentes non Congrediuntur, fortaffe permifti evadunt 
opaciores. Sed de eveittu nihil fum fellicitiis, turn quod lucu- 
lentius eft experimentum in liquarihus feorfim exiftentibus, turn 
quod experimentum illud, ficut fe iridis, tincturse nephriticae, 8c 
aliorum corpomm naturalium phenomena, -non ad prabandam 
fed ad illuftrandam tarrtum doctrinam propofui. 

Quod R.P.Theoriamnc^ami^o^^iw vocat, amice liabeo, fi- 
quidem ipfi nondum eonftet. Sed alio tamen conlilio propoftte- 
ram, 8c nihil aliud continere -vldetur quam proprietates quafi3am 
lucis, quas jam inventas prdbare baud difficile «xiftimo, fe quas 
11 non veraS efTe cognoveram, pro futili & inani (peculatione 
mallem repudiare, quam pro mea hypotheji agnofcere. 

Quid vero cenferi mereatur, ex refponfionibus ad animadver- 
fiones Domini fortaffe ftatim prodkuris clarius patebit. In- 
terim vale, et perge amare tibi devin&iffimum 
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III. 

To Mr. OLDENBURG. 
Sir, c«mwdgt, 

' April , 167*. 

I herewith * fend you an anfwer to the Jefuit Paretics confide- 
rations, in the conclulion of which, you may poflibly apprehend 
me a little too pofitive ; but I fpeak only for myfelf. I am high- 
ly fenfible of your good will, in communicating to me fuch ob- 
fervations as occur concerning my theories, or cata-dioptrical in- 
ftruments, and I defire you to continue that favour to me. Mr. 
Hugens has very well obferved the confufion of refractions near 
the edges of a lens, where its two fuperficie& are inclined much 
like the planes of a prifm; whofe refractions are in like manner 
confuted. But it is not from the inclination of thofe fuperficies, 
fb much as from the heterogeneity of light, that that confufion 
is cauled. For by illuminating an object with homogeneal light, 
I have feen it far diftincter through a prifm, than I could by light 
that was heterogeneal. 

I fuppofe the defign of Sir Robert Moray's experiments is, to 
have their events exprefled with fuch obfervations as may occur 
concerning them. 

Touching the firft, I have obferved, that the folar image fall- 
ing on a paper, placed at the focus of the lens, was, by the in- 
terpofed prifm, drawn out in length proportional to the prifm's 
refraction, or diftance from that focus. And the chief obferv- 
able here, which I remember, was, that the ftreight edges of the 
oblong image were diftincter than they would have been without 
the lens. 

Conlidering that the rays, coming from the planet Venus, are ^f™™« 
much lefs inclined one to another, than thofe which come from coming 
the oppofite parts of the fun's difk ; I once tried an experiment Venus * 
or two with her light. And to make it fufficiently Itrong, I 
found it neceffary to collect it firft by a broad lens ; and then, in- 
terpofmg a primi between the lens and its focus, at fuch diftance 

* This enclofed the preceding Letter. 

that 
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that all the light might pafs through the prifm, I found the fo- 
cus, which before appeared like a lucid point, to be drawn out 
into a long fplendid line by the prifm's refra&ion. 

I have fometimes defigned to try how a fixed ftar, feen through 
a long telefcope, would appear, by interpofing a prifm between 
the telefcope and my eye. But by the appearance of Fenus, 
viewed with my naked eye through a prifm, I prefage the event. 

Concerning the fecond experiment, I have occafionally obferved, 
that by covering both ends of the prifm with paper at feveral 
diftances from the middle, the breadth of the folar image will 
be increafed or diminifhed as much, as is the aperture of the 
prifm, without any variation of the length : or, if the aperture 
be augmented on all fides, the image on all fides will be fo much 
and no more augmented. 

Of the third experiment, I have occafion-to fpeak in my an- 
fwer to another perfbn ; where you will find the effects of two 
prifms, in all crofs pofitions of one to another, defcribed. But 
if one prifm alone be turned about, the coloured image will only 
be tranflated from place to place, defcribing a circle, or feme 
other conick fection on the wall, on which it is projected, with- 
out fuffering any alteration in its fliape, unlefs fuch as may arife 
from the obliquity of the wall, or cafual change of the prifm's 
obliquity to the fun's rays. 

The effect of the fourth experiment I have already infinuated, 
telling you, that light, pairing through parts of the prifm of di- 
vers thickneffes, did ftill exhibit the fame phaenomena. 

Note, the long axes of the 
two prifms in the above-men- 
tioned experiment are parallel 
to one another. Other circum- 
ftances reflecting their pofi- 
tion, you will better under- 
ftand from the annexed 
fcheme. In which, let eg de- 
lign the window ; F, the hole 
in it through which the light arrives at the prifms ; abc, the firft 
prifm, which refracts the light towards pt, painting there the 

colours 
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colours in an oblong ; and dbr the fecond prifm, which refrads 
back again the rays to Q_, where the long image, pt, is contracted 
into a round one. I fuppofe the plane parallel to bc, and br 
to ac, that no rays may be equally refrafted contrary ways in 
both prifms. The prifms muft alfo be placed very near to one 
another ; for if their diftance be fo great, that colours begin to 
appear in the light, before its incidence on the fecond prifm, 
thofe colours will not be deftroyed by the contrary refractions of 
that prifm. 

Thefe things being obferved, the round image, q_, will appear 
of the fame bignefs, which it doth when both the prifms are taken 
away, that the light may pafs directly towards from the hole 
without any refraction at all : and its diameter will equal the 
breadth of the long image pt, if thofe images be equally diftant 
from the prifms. 

If an accurate confideration of thefe refractions be defigned, 
it is convenient that a lens be placed in the hole f, or immedi- 
ately after the prifms, fo that its focus be at the image q_, or pt. 
For thereby the perimeter of the image q_, and the ftreight fides 
of the image pt, will become much better defined than other- 
wife. 

Thus far concerning Sir Robert Morafs propofals. I have no- 
thing more at prefent, unlefs to defire you, that, in the letter 
wherein I fent you of the table of apertures and charges, you 
would change an expreffion concerning the fix-foot tube, where 
I intimated, that it was none of the beft in its kind. For left 
the friend, of whom it was borrowed, fhould think I depreciate 
it, I had rather that the expreflion fhould be a little intimated 
after this manner ; that I am not very well allured of its good- 
nefs, and therefore defire, that the other experiment of reading 
at ioo foot diftance, fhall rather be confided in. You will do 
me a favour to perufe the reft of that letter alfo, before you com- 
mit it to the prefs. For I writ it in fo much hafte, that I had no 
time to perufe it : and by rendering my expreflions more perfpi- 
cuous, or lefs ambiguous, you will ftill oblige, yours, &c. 
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IV. 

NEW TON US OLDENBURGO S» 
Reply to fur- IN obfervationibus R. P. Ignatil Pardies,,qua& ad te denuo con* 
\im S °S K ' feripfit, an majus fit humanitatis argumentum, quod meis re- 
fponfionibus vim oronem attribuit, an ingenii, quod obje&iones 
proponit, quae fi non probe tollantur, do<5trinam meam friiftrart 
poffunt^ vix dixerim. Utramque fane ad determinandam veri- 
tatem optime conducit ; efncitque, ut acceptis quam lubentiffime 
refpondeam. 

Objeaion. Ait R. P. quod abfque varia diverforum radiorum refrangibili- 
ISgtVof thetate, poffibile fit explicate longitudinem colorum ; puta ex by- 
Slge may pothefi P. GrimaJdi, per diffufionem luminis, quod fupponitur 
byGSS's effe fuD ft antia quaedam rapidUiime mota vel exhypothefi Hookii 
hypothefis, f noftri, per diffufionem vel expanfionem undulationum^, quas ftatuit 
•/ by Hooks. ^ t ^ re ^ \ uc {fa$ corporibus^excitatas, quaquaverfum propagari. 
Addoj quod ex hypothefi Carte/iand poteft etiara effingi confimi- 
lis diffufio conatus vel preffionis globulorum ; perinde ut in ex- 
plicatione eaudae comets fupponitur. Et eadem diffufio vel ex- 
panfiojuxta aliam quamvis hypothefin, in qui lumen ftatuitur 
elfe vis, a&io, qualitas, vel fubftantia quaelibet, a luminous cor- 
poribus undique emifla, effingi poteft. 

Ut his refpondeam,. animadvertendum eft, quod doftrina ilia, 
quam de refractione 8c coloribus exphcui, in quibufdam lucis 
proprietatibus fohimmocb conftitit, neglectis hypothefibus per 
quas proprietates illae explicari debent. 

Optimus enim et tutiflimus philofophandi modus videtur, ut 
imprimis rerum proprietatis diligenter inquiramus, 8c per expe- 
rimenta ftabiliamus ; ac dein tardiiis contendamus ad hypothefes 
pro rerum explkatione. Nam hypothefes ad explicandas rerum 
proprietates tantum aceommodari debent, 8c non ad determinan- 
das ufurpari, nifi quatenus experimenta fubminiftrare poflint. 
Et fi quis ex fola hypothefium poflibilitate de veritate rerum con- 
je&uram faciat, non video quo pacto quicquam certi in ulla fci- 
tntia determinare poflit ; fiquijdem alias atque alias hypothefes 
femper licet excogitari, quae novas difficultates fuppeditare vide- 
biintur. 

Quamobrem 
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Qua«i®bi*em ab hyrjothefium contemplatione, tanqwam im- 
proprio argumentandi loco, hie abflineaduin effe cenfui, 8c vim 
obje&ionis abftrahendam, ut plenioreBa 8c naagis geraeraiem re- 
fponfionem accipiat. 

Itaque per lumen inteiligo quodlibet ens vel entis poteftatem Reply-, 
(five fit fubftantia, five quae vis ejus vis, actio, vel qualitas) quod Light, and 
a" corpore lucido re<£ta pergens aptum fit ad excitandarn vifionem; ught^ 
8c per radios luminis intelligo minimas vei quaflibet indefinM 
parvas ejus partes, quae ab invicem nmi dependent, quaies funt illi 
omaes radii, quos lucentia corpora, vel fimul vei fucceflive, fecun- - 
dum re£tas lineas emittunt. Nam illae turn coll ateraies turn fuc- 
ceffivae partes luminis funt independentes ; fiquidem unae abfque 
aliis intercipi poflint, 8c in quaflibet riagas ieorfim refle6ti vel 
refringi. Et hoc preecognito, obje&ionis vis iOmnis ki eo fita erit ; 
-quod colores per aliquam luminis ultra foramen diffiifionem, quaa 
non oritur ab inaequali diverforum radiorum feu luminis indepea- 
dentium partium refrangibilitate, in longum diduci pofiint. 

Quod autem non aliunde oblongentur fupeid&s monftravi, in li- 
feris relatis in Philofoph. Tranfa&. Numb. 80. Et ut rationes 
faciliiis perfpiciantur, non gravabor jam fufius explicare. 
. Scilicet ex obfervatione, quod Radii poft Refraclionem non in-Tkefaa 

^ m • proved, that 

curvabantur, fed recli ad parietena progrefh ruennt, patuit, ean- R ays are ua- 
dem fuiffe eorum ad fe mutuo inclinationem ciim modo exiei'untS"j[^ 
prifmate, atque cum impegerunt in parietem; 8c proinde longi* 2n«s. ncl " 
tudo colorum ex inclinatione radiorum emerfit, quam inter reftin- 
gendum obtinuere; hoc eft ex quantitate refraftionis, quamfin- 
guli radii in prifmate patiebantur. Adeoque cum colorum longi- 
tudo latitudinem aliquot vicibus ex obfervatione fuperavit ; fequi- 
tur majorem fuiffe inaequalitatem refradtionum, quam poruit oriii 
ex inaequalitate incidentiarum. Quinimo ex figura Imaginis co- 
loratae, qu6d nempe non fuit Ovalis, fed latera duabus parallelis 
redis lineis terminata, patuit earn ex indefinite multis imaginibus 
Solis, per inaequalem refra6lionem in longam diftradtis 8c ferie 
continua difpofitis, conftitui ; adeoque radios, a fingulis partibus 
folaris difci provenientes, per totarn fere longitudinem colorum 
difpergi ; 8c proinde fimiliter incidentium inaequales effe refrac- 
tiones. Id quod aliis etiam indiciis oftendi poffet, 

g f * Conffot 
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Of *e caufc Conftat itaque diverfas effe refra&iones, ubi pares funt inciden- 
af that fact. tiae. Sed ampliiis inquirendum eft, unde oriatur ilia diverfitas ? 

An fit a causa aliqua incerta 8c irregulari, vel certa lege, fecun- 
dum quam radius quilibet aptus eft determinatam aliquam re- 
fradtionem pati. Per incertas &; irregulares caufas intelltge afpe- 
ritates in fuperficie ; vel venas diverfae denfitatis in interiori parte 
Vitri, ex quo Prifma conflatur ; item irregularem fitum pororum, 
quos nonnulli ob luminis tranfmiffionem per vitrum omnifariam 
trajici ftatuunt ; necnon tremores & inaequales commotiones par- 
tium iEtheris, Aeris vel Vitri ; radiorum, in refringente fuperficie 
fe mutuo fortafle comprimentium, refulturam ab invicem ; ejuf- 
dem cujufque radii divifionem ac diflipationem in partes diverl 
gentes, quas vel numerofinitas vel indefinite multas, in fuperficie 
aliqua continuatim jacentes,' imaginari liceat ; vel quamvis aliam 
difFufionem et dilatationem luminis, quam poflumus excogitare, 
non ortam ex diversa praedifpofitione cujufque radii ad refraclio 
nem, in certo aliquo &: conftanti gradu, patiendam. 
That it ; s no Quod autem diverfa refraclio non orta fit ex ullis ejufmodi cau- 

irregular - . J 

uncertain 

lis incertis & irregularibus, probavi per experimentum duorum 
" ue * confimilium prifmatum in contrario fitu juxta pofitorum, ita ut 
pofterius contraria fua refraclione retroflecleret radios, & fie re- 
gulares effedus prioris deftrueret, fed per iteratas refractiones, au- 
geret irregulares. Utpote fi prius prifma diffunderet, ac diver- 
gere faceret parallelos radios, ex. gr. per afperam polituram, inae- 
quabilem denfitatem, aut irregularem fitum pororum in prifma- 
tis, vel per tremulos motus partium Athens, Aeris aut Vitri ; 
vel per dilatationem luminis propter partium ejus (/. e. radiorum) 
fe mutuo comprimentium relaxationem verfus adjacentia fpatia, 
quae vel nullo vel minus conftipato lumine irradiantur; vel deni- 
que per cujufque radii dilatationem aut diffra&ionem in complures 
divergentes radios : turn fane pofterius prifma magis diffunderet 
ac diffiparet radios -per didas irregularitates ^theris, Aeris aut 
Vitri ; vel per iteratam dilatationem luminis, a refringentis fu- 
perficiei refiftentia denuo conftipati ac difFuii ; vel etiam per cujuf- 
que radii, a priori difFraaione orti, iteratam difFraaionem ac divi- 
fionem in longie plures divergentes radios. Et lie Lumen magis 
difpergeretur per refra&ionem fecundi Prifmatis, & in parieterrt 

prqjeaarn 
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proje&am imaginem duplo longiorem minimum exhiberet, quam 
per folam refra&ionem prioris Prifmatis exhiberi potuiflet. 
Quamobrem ciim, experientia tefte, refraclio fecundi Prifmatis Nor my other 
adeo non difpergat Lumen, ut contrahat, & in priftinum ftatum ^uaUef"^?- 
reducat, effieiatque ut in forma Coni poftea progrediatur, per-gays,^ 0 ^ 1 * 
inde ac fi nullam omnino Refraaionem paffum fuiflet; conceden- 
dum eft, difFufionem Luminis, a refraaione anterioris Prifmatis 
effeaam, non oriri ab aliqua praefatarum caufarum, aut alia qua- 
vis irregularitate, fed diverfae Refrangibilitati radiorum folum- 
modo tribuendam effe ; utpote qua radius unufquifque, ex infita 
difpofitione tantam Refraaionem in pofteriori, ac in priori paf- 
fus, reducitur in parallelifmum cum fe ipfo; 2c fic omnes radii ad 
fe mutuo eafdem inclinationes refumunt, quas ante refraaiones 
habuere. 

Demum ut haec omnia fumme confirmarem, adjeci experimen- Experimen: 

~ . tum Crucis 

turn illud, quod jam nomine cruets paflim infignitur ; de cujus defaibed. 
conditionibus cum R. P. dubitaverit, placuitjam defignare Sche- 
mate. Sit bc anterior tabula, cui prifma a immediate prsefigi- 




tur ; fitque de altera tabula, quafi 12 pedibus abinde diftans, cui 
fuffigkur alteram prifma f. Tabulae autem ad x & v, ita prefo- 
rentur, ut aliquantulum lucis, ab anteriori prifmate refraaae, tra- 
jici poffit per utrumque foramen ad fecundum prifma, inque eo 
denuo refringi. Jam prifma anterius circa axem reciproco motn 
convertatur, & colores in tabulam pofteriorem de procidentes, per 
vices attollentur ac deprimentur; eoque paao alius atque alius co- 
lor fucceflive pro arbitrio trajici poteft per foramen ejus y, ad 
pofterius prifma, dum caeteri colores in tabulam impingunt : et 
videbis, radios diverfis coloribus praeditos diverfam pati refraaio- 
nem in illo pofteriori prifmate, ex eo qu6d ad diverfa loca pane- 
ls vel cujufvis obftaculi gh, pedibus aliquot ulterius remoti^ al- 
hbentur ; puta violacei radii ad H, rubri ad g, Si intermedii ad 
loca intermedia : Sc tamen, propter determinaram pofitionem fo- 
raminum, neceffe eft ut fimilis fit incidentia radiorum cujuCque 

coloris 
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colons per utrumque trajedbL Atque tfta ex inerrfiara cwiftat ra- 
dios, diver (is coloribus affe&os, habere diverfas leges refradtionum, 

Sed fufpicor unde addudtus fit R. P. in dubitationem ; aempe 
videtur collocaffe primum prifma, a., poft tabulam bc, itfque itm 
convertendo circa axem, verifimile eft inclinationem iradiorum, 
qui interjacent foramina, propter intermediam refra(ftianem ftiifle 
mutatam. At, ex defcriptione prras expofita, debuit tabula ilia 
-collocari poft prifma, ut radii inter foramina in <fire£tnm jace- 
-rent ; quernadmodum, ex verbis, I took two boards &f?d placed 
one of them clofe behind the prifm at the window, conftare potetft, 
Et ufus experimenti idem innuit. 

Ex abundanti placet obfervare, quod in hoc experiraento colo- 
rata lux, ob refradtionem fecundi prifmatis, longe minus difftradi- 
tur ac divaricat, quam cum alba exiftit, adeo ut imago ad e, vdl 
•el, lit pene circularis ; praefertim ^prifmata fbtnantur parallella, 
8c in contrario fitu angulorura, prout in fchemate deftgnantmt, 
<Juinetiam, ii praeterea diameter foraminis y adaequet latitudinera 
colorum, nulla erit ejufdem color atae lucis in longum difFufio; 
fed imago, qua? a quopiam colore ad g, vel r, efringitur (pofitis 
circularibus foraminibus, 8c reiradtione pofterioris prifmatis non 
majoriquam prioris, radiifque ad obftaculttm quam proximeper- 
pendicularibus) erit plane circularis. Id quod arguit diffufionem, 
de qua, fupra egimus, non ex contagione vel continuitate materia 
undulantis, aut celerrime motae, vel fimilibus caufls ortam effe, fed 
ex certa refradtionum cujufque generis radiorum lege. Cur au- 
tem imago ilia in uno earn fit circularis, 8c in aliis nonnihil ob- 
longata, 8c quomodo diffufio lucis in longitudinem in quolibet 
cafu pro arbitrio minui poflit, a geometris determinandum, 8c 
cum experientia conferendum relinquo. 

Poftquam proprietates lucis his 8c fimilibus experimentis fatis 
exploratae fuerint, fpedtando radios tanquam ejus five collaterales 
five fucceflivas partes, de quibus experti fumus per independen- 
tiam qu6d fint ab invicem diftindtae ; hypothefes exinde dijudi- 
candae funt, 8c quae non pofTunt conciliari rejiciendae. Sed levif- 
fimi negotii eft accommodare hypothefes ad hanc dodtrinam. Nam 
fi quis hypothefin Cartefianam defendere velit, dicendum eft, glo- 
:bulos effe inaequales ; vel preffiones globulorum effe alias aliis 

fortiores, 
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fortiores, 8c inde diverfimode refrangibiles, 8c aptas ad excitan- 
dam fenfationem diverfornm colorum. Et lie, juxta hypothefin 
Gl. Hookii dicendum eft, undulationes jetheris effe alias majores, 
five crafliores aliis. Atque ita in caeteris. Hcec enim videtur 
effe fumme neceffaria lex 8c conditio hypothefmm, in quibus na- 
turalia corpora ponuntur conftare ex quamplurimis corpufculis 
acervatim contextis, ut a diverfis lucentium corpufculis, vel ejuf- 
dem corpufculi diverfis partibus Cprout motu, figura, mole, aut 
aliis qualitatibus diflferunt) inaequales preffiones, motiones aut 
mota corpufcula per aethera quaquaverfum trajiciantur, ex quibus 
eonfufe mjftis lux conftitui fupponetur. Et nihil durius eflfe 
poteft in iftis hypothefibus quam contraria fuppofitio. 

Ex aperturafivedilatatione lucis in pofteriori facie prifmatis, quam 
R. P. dixit effe veluti foramen, fufficit, quod error non emerget 
fenfibilis, fi modo aliquis emerget. Quod fi calculus juxta ob- 
fervationes praecise ineatur, error erit nullus. Nam diametro fo- 
raminis a longitudine imagiais fubdudta; reftabit longitudo, quam 
imago haberet, fi modo foramen ante prifma effet mdivifibile, id- 
que non obftante pnefata. lucis dilatatione in pofteriori facie prif- 
matis ; ut facile oftenditur. Deinde, ex data ilia longitudine ima- 
ginis, ac diftantia a foramine indivilibili, ut 8c pofitione 8c forma 
prifmatis, 8c ad id inclinatione incidentium radiorum, ac angulo, 
quem refradti radii ad medium imaginis tendentes^. cum a centra 
folis incidentibus conftituunt, caetera omnia determinantur. Et 
quae determinant refradtiones 8c pofitiones radiorum, tufficiunt ad 
calculum iftarum refradtionum rite ineundum. Sed res non tanti 
effe videtur, ut moram inferat. 

Quod R. P. dodtrinam noftram hypothefin vocaverit, non ali- 
unde factum effe credo, quam quod vocabulum ufurpavit, quod* . 
primum occurrit ; fiquidem mos obtinuit, ut quicquid exponitur 
in Philofophia dicatur hypothefis. Et ego fane non alio confifia 
vocabulum iftud reprehendi; qu^m ut ne invalefceret appellatio,. . 
quae redle philofophantibus pnejudicio effe poffet. Reverend. 
V£r6 Patris candor in omnibus confpicitur ; indeque modus effe- 
rendi benevolentiam, qui mini mmime convenit. Qupd tamen 
-ofti ii non difplicent vehementer gaudeo Vale^ Dabam Canta^ 
D J ; ae H, Junii 1672. 
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V. 

To Mr. OLDENBURG. 

Sir, juiy , is 7 i, 

of the true I N the mean while give roe leave, Sir, to infinuate, that I 
fxaSbt cannot think it effectual for determining truth, to examine the 
this Theory. f evera } ways by which phenomena may be explained, unlefs 
where there can be a perfect enumeration of all thofe ways. You 
know, the proper method for enquiring after the properties of 
things, is to deduce them from experiments. And I told you, 
that the theory which I propounded, was evinced to me, not by 
inferring, // is tbus, becaufe it is not otherwife ; that is, not by de- 
ducing it only from a confutation of contrary fuppolitions, but 
by deriving it from experiments concluding pofitively and direct- 
ly. The way therefore to examine it, is, by confidering whe- 
ther the experiments, which I propound, do prove thofe parts of 
the theory to which they are applied ; or by profecuting other ex- 
periments which the theory may fuggeit for its examination. And 
this I would have done in a due method; the laws of refraction 
"being thoroughly enquired into and determined, before the na- 
ture of colours be taken into conilderation. It may not be amifs 
to proceed according to the feries of thefe Queries ; which I 
could wilh were determined by the event of proper experiments, 
declared by thofe that may have the curiolity to examine them. 

x. Whether rays, that are alike incident on the fame medium, 
have unequal refractions ? And how great are the inequalities of 
their refractions at any incidence ? 

2. What is the law, according to which each ray is more or lefs 
refracted ; whether it be, that the fame ray is ever refracted ac- 
cording to the fame ratio of the lines of incidence and refrac- 
tion ; and divers rays, according to divers ratios ; or that the re- 
fraction of each ray is greater or lefs without any certain rule ? 
That is, whether each ray have a certain degree of refrangibili- 
ty, according to which its refraction is performed ; or is refracted 
without that regularity ? 

3. Whether 
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3. Whether rays, which are endued with particular degrees of 
refrangibility, when they are by any means feparated, have par- 
ticular colours conftantly belonging to them ; viz. the leaft refran- 
gible, Scarlet ; the moft refrangible, deep Violet ; the middle, 
Sea-Green ; and others, other colours ? And on the contrary ? 

4. Whether the colour of any fort of rays apart may be chang- 
ed by refraction ? 

5. Whether colours by coalefcing do really change one an- 
other to produce a new colour, or produce it by mixing only * 

6. Whether a due mixture of rays, indued with all variety of 
colours, produces light perfectly like that of the fun, and which 
hath all the fame properties, and exhibits the fame phaenomena ? 

7. Whether the component colours of each mixture be really 
changed ; or be only feparated, when from that mixture various 
colours are produced again by refraction ? 

8. Whether there be any other colours produced by refraction, 
than fuch as ought to refult from the colours belonging to the di- 
verfly refrangible rays, by their being feparated or mixed by that 
refraction ? 

To determine by experiments thefe and fuch like queries, 
which involve the propounded theory, feems the moft proper 
and direct way to a conclufion. And therefore I could wifti all 
objections were fufpended taken from hypothefes, or any other 
heads than thefe two : of mewing the insufficiency of experi- 
ments to determine thefe queries, or prove any other parts of my 
theory, by afligning the flaws and defects in my conclufions 
drawn from them ; or of producing other experiments, which di- 
rectly contradict me, if any fuch may feem to ocean For if 
the experiments, which I urge, be defective, it cannot be diffi- 
cult to mew the defects ; but if valid, then by proving the theo- 
ry, they muft render all objections invalid. 
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VI. 

To Mr. OLDENBURG. 

Cambridge, 

3 1 R, July ii, i6 7 i» 

I: HAVE already told you, that at the perufal of Mr. Hook's 
Gonjiderations on my letter concerning Refractions and Colours, I 
found nothing that, as I conceived, might not without difficulty 
he anfweued. But, I muft confefs, at the firft receipt of thofe 
confiderations I was a little troubled to find a perfon fo much con- 
cerned for an bypotbefts, from whom in particular I moft expected 
an unconcerned and indifferent examination of what I propound- 
ed. But yet I doubt not we have one common defign; a fincere 
endeavour after knowledge, without valuing uncertain fpecula- 
tions for their fubtteties, or defpifing certainties for their plain- 
nefs. And on confidence of this it-is* that I make this return to 
his Di&ouBfe. 

'ESSp«. c and I. begin with it becaufe it is fo, Mr. Hook thinks him- 
felf concerned to reprehend me for laying afide the thoughts 
of improving optics by refractions. Bnt he knows well it is 
not for one man to prefcribe rules to the ftudies of another* efpe- 
dally not without underitanding the grounds on which he pro^ 
eeeds. Had he obliged me by a private letter on this occafion, I 
would hawe acquainted him with my fuceefles in the trials that 1 
have made in that kind; which I fliall now fay have been lefs 
than I fbrnetimes expected, and perhaps lefs than he at prefent 
hopes for- But fince he is pleafed to take it for granted, that K 
have let this fubject pafs without due examination, I muft refer 
him to my former letter, by which that conjecture will appear to- 
be ungrounded ;. for what I faid there,,. wa6 in refpect of telefcopes 
of the ordinary conftructk>n,. fignifying, that their improvement- 
is not to be expected from the well figuring of glaffes, as opticians 
have imagined. But I defpaired not of their improvement by 
ether conftructions,, which made me cautious to infert nothing 
that might intimate the contrary. For although fucceflive refrac- 
tions,, which are all made the fame way, do neceffarily more and 
more augment the errors of the firft refraction ; yet itfeemed 
3 not 
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not impoflible for contrary refractions fo to correct each others 
inequalities, as to make their difference regular ; and if that 
could be conveniently effected, there would be no further diffi- 
culty. Now to this end I examined what may be done not only 
by glaffes alone, but more efpecially by a complication of divers 
fucceflive mediums; as by two or more glaffes or cryttals with 
water, or fome other fluid between them-; all which together 
may perform the office of one glafs, efpecially of the object- 
glafs onwhofe conftruction the perfection of theinftrument chiefly 
depends. But what the remits in theory, or by trials, have been, 
I may poflibly find a more proper occafion to declare. 

To the affertion. that rays are lefs true reflected to a point by Truth of fte- 
a concave than refracted by a convex, I cannot allent ; nor do 1 
underftand, that the focus of the latter is lefs a line than that 
of the former. The truth of the contrary you will rather per- 
ceive by this following Table, computed for fuch a reflecting 
concave andrefra&ing convex; on fuppofition that they have equal 
apertures, and collect parallel rays at an equal diftance from their 
vertex ; which diftance being divided into 150015 parts, the dia- 
meter of the concave fpherewill be 60000 of thofe parts, and 
of the convex 10000; fuppofing the fines of incidence and re* 
fraction to be in round numbers, as 1 to 3. And this Table 
fliews how much the exterior rays, at feveral apertures, fall fhort 
of their principal focus. 





The parts of the Axis intercepted 






The diameter of the 


between the vertex and the rays 


The error by 


Aperture. 


reflected. 


refracted. 


ftsfleftion. 


Retradhon-. 


2000 


14991^ 


14865 


8* 


I3S 


4000 


14966 


14449 


33 


5S 1 


6000 


14924 


13699 


76 


1301 


8000 


14865 


IH75 


135 


2525 


10000 


14787 


947 2 


213 


5528 



By this you may perceive, that the errors of the refitting 
convex are fo far from being lefs, that they are more than fix- 
teen times greater than the like errors of the reflecting concave, 
efpeci^ly in great apertures, and that without refpect to the he- 
terogeneous conftitution of light : fo that however the contrary 
fuppofition might make Mr. Hook rejed reflexions, as ufelels tor 
the promoting of opticks, yet I muft for this, as well as other 
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conficlerations, prefer them in the theory before refraaions. Whe- 
ther the parabola be more difficult to defcribe than the hyperbola 
or ellipfis, may be a query ; but I fee no abfolute neceffity of 
endeavouring after any of their defcriptions. For if metals can 
be ground truly fpherical, they will bear as great apertures as, h 
believe, man will be well able to communicate an exasSt polifh tos 
And for dioptrick telefcopes I told you, that the difficulty con- 
Med not in the figure of the glafs, but> in ths difFormity of re- 
fractions ; which, if it did not>. 1 could tell you a better, and 
more eafy remedy* than the ufe of the cojnic fections. 
Reply to f Thus much concerning the practique part of opticfcs. I lha!l 
otfjeaionsto now take a view of Mr, HoqPs coniid&rations on my theories, 
the Theory. And thofe confift in afcribing an hypothec's to me, which is not 
mum; in aflerting an, hypothecs, which^asto the practical parts 
of it, is not againft me; in granting the.grealeft part o£ my dif- 
cou*rfe.,- if explicated by that hypothecs u and in denying foms 
things, the truth of which. w r ould: have, appeared, by. an experi- 
mental examination. 
h) 7Se ^ thefe particulars- I mall difcourfe in order ; and firft of 
corporeity of the hypotbejis, which' Me. Hook hath affigned me in thefe words : 
«ErV" fo£- But grant bis firft Juppofition, that light is, a body, and that as 
Newtown** mm y colours of. degrees thereof as there may b&, Jo. many bodies 
"Theory. there may be, all which compounded* together would make white, 
^fr. This, it feems, Mr. Hook takes for my hypothefis. It 
is true, that from my. theory I argue the. corporeity of light, 
but I doit without any abfolute politivenefs, as- thVword /w- 
baps intimates, and make at moft but a very plaufible confequence 
of. the doctrine, and not a ftmdamentaKuppofition, nar fo much: 
as any part of it, which was wholly comprehended Am the pre- 
cedent proportions. And I wonder how Mr. Hook could ima- 
gine, that when I had afierted the-theory with thogreateft rigor, 
I lhould be fo forgetful, as afterwards to affert^he fundamental 
fuppofition itfelf with no more than ^perhaps.. Bad ^intended 
any fueh hypothec, I mould fomewbere have, explained it* But 
I knew that the properties, which 1 declared of light,' Were in 
fome meafiire capable of being explicated not .only by that, , but 
by many other mechanical hypothecs ; and therefore Lchofe t# 

decline. 
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decline them all, and fpeak of light in general terms, confidering 
it abftradtedly as fomething or other propagated every way in 
ftreight lines from luminous bodies, without determining what that 
thing is ; whether a confufed mixture of difform qualities, or 
modes of bodies, or of bodies themfelves ; or of any virtues, 
powers or beings whatfoever. And for the lame reafon I chofe to 
fpeak of colours according to the information of our fenfes, as if 
they were qualities of light without us. Whereas by that hypo- 
thefis, 1 muft have confidered them rather as modes of fenfation, 
excited in the mind by various motions, figures, or fizes of the 
corpufcles of the light, making various mechanical impreffions 
on the organs of fenfe, as I expreffed it in that place where I 
fpake of the corporeity of light. 

But fuppofing I had propounded this hypothefis, I under-*™; h a<fii 
ftand not why Mr. Hook mould fo much* endeavour to ■ oppofe " ook '» 

„..,,. hypothLfis. 

it. For certainly it hath a. much greater affinity with hisr 
own hypothefis, than he feems to. be aware of ; the vibrations 
of aether being as ufeful and neceffary in this,, as in his own. 
For alTunaing the rays of light; to be. fmall bodies* emitted every- 
way from mining fubftances^ thofe, when they impinge on- 
any refracting or, reflecting fuperficies, muft as neceflarily ex- 
cite vibrations in the aether, as ftones do in water, when thrown 
into it. A nd fuppofing thefe vibrations to * be- of. feverai depths 
er thieknefles, accordingly as they are excited by the faid corpuf* 
cular rays of various lizes and velocities -; of what ufe they wilfr 
be for explicating, tlie manner cf reflexion and refraction, the- 
production of heat by the fun's beams,, the emiffion of light 
from: burning, putrifying, or other fubftances, whofe parts are 
vehemently agitated, the phenomena of. thin tranfparent plates 
and bubbles, and of all natural bsdies, the manner of vifioni 
and the difference of- colours, as alfo their harmony and difcorcJ ; 
I- mail leave to their confideration, who may think it worth their 
endeavour to apply this hypothefis to the folution of phaenomena* 

In the fecond place I told: you* that Mr. Hoofs hypothefis, as to of^cW 
the fundamental part of it, is not againft me. The fundamen* cWc-rnhv 
tal fuppolition is, that the parts of bodies^ when brifkly agi- (/ , ( ,, f , m> 
tated, do excite vibrations in the tether, which are propagated ',l y ; h 
eyery way from thofe bodies in ftreight lines, and caufe a fcnfa-^Nj^ 

tion 



THEORY OP 

tion of light, by beating and dafhing againft the bottom of the 
eye; Ibmething after the manner that vibrations in the air caufe 
a fenfation of found, by beating againft the organs of hearing. 
Now the moft free and natural application of this hypothelis to 
the folution of phenomena I take to be this : That the agitated 
parts of bodies, according to their feveral fizes, figures, and mo- 
tions, excite vibrations in the aether of various depths or big- 
neffes; wmch, being promifcuoufly propagated through that me- 
dium to our eyes, effect in us a fenfation of light of a white co« 
lour : but if t>y any means thofe of unequal bigneffes be fepa- 
rated from one another, the largeft, a fenfation of a Red colour; 
the leaft, or ftiorteft, of a deep Violet ; and the intermediate 
ones, of intermediate colours. Much after the manner that bo- 
dies, according to their feveral fizes, fliapes, and motions, excite 
vibrations in the air of various bigneffes, which, according to 
thofe bigneffes, make feveral tones in found. That the largeft 
vibrations are beft able to overcome the refiftance of a refracting 
ftvperficies, and fo break through it with leaft refraction : whence 
the vibrations of feveral bigneffes, that is, the rays of feveral 
colours, which are blended together in light, rauft be parted from 
one another by refraction ; and fo caufe the phsenomena of 
prifms, and other refracting fubftances. And that it depends on 
the thicknefs of a thin tranfparent plate or bubble, whether a 
vibration fhall be reflected at its further fuperficies, or tranfmit- 
ted ; fo that according to the number of vibrations interceding 
the two fuperficies, they may be reflected or tranfmitted for many 
fucceffive thickneffes. And lince the vibrations, which make Blue 
and Violet, are fuppofed fhorter than thofe that make Red and 
Yellow ; they muft be reflected at a lefs thicknefs of the plate, 
which is fufncient to explicate all the ordinary phenomena of 
thofe plates or bubbles ; and alfo of all natural bodies, whofe 
parts are like fo many fragments of fuch plates. Thefe feem to 
be the moft plain, genuine, and neceffary conditions of this hy- 
pothefis ; and they agree fo juftly with my theories, that, if Mr. 
Hook think fit to apply them, he need not on that account fear a 
divorce from it. But yet how he will defend it from other diffi- 
culties, I know hot ; for to me the fundamental fuppofition it- 
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felf feems imponible ; namely, that the waves or vibrations of 
any fluid can, like the rays of light, be propagated in ftreight 
lines, without a continual and very extravagant fpreading and 
bending every way into the quiefcent medium, where they are 
terminated by it. 1 am miftaken if there be not both experiment 
and demonftration to the contrary : and as to the other two or 
three hypothefes which he mentions, I had rather believe them 
fubject to the like difficulties, than fufpect that Mr. Hook mould 
felect the worft for his own. 

What I have faid of this, may be eafily applied to all other 
mechanical hypothefes* in which light is fuppofed to be caufed by 
any preffion or motion whatfoever, excited in the aether by the 
agitated parts of luminous bodies. For it feems impoffible, that 
any of thofe motions or preflions- can be propagated in ftreight 
lines, without the like fpreading every way into the madowed- 
medium, on which they border. But yet, if any man can think 
it poflible, he muft at leaft allow, that thofe motions, or endea- 
vours to motion, caufed in the aether by the feveral parts of any 
lucid bodies, which differ in fize, figure, and agitation, muft ne- 
ceffarily be unequal;, which is enough to denominate light an ag- 
gregate of difform rays, according to any of thofe hypothefes.. 
And if thofe original inequalities may fuffke to difference the 
rays in colour and refrangibility r I fee no reafon why they, that 
adhere to any of thofe hypothefes, fliould feek for other caufes 
of thefe effefts, unlefs (to ufe Mr. Hook's argument) they will 
multiply entities without neceflity. 

The third thing to be confidered, is-, the condition of Mr.WH«*v 
Hook's conceffions, which is, that I would explicate my theo- and the ii,ni. 

* , , ♦ 1** ions 01 

ries by his hypothefis : and if I could but comply with him them tow. 
in that point,' there would be little or no difference between ypot 
us : for he grants, that without any refpedt to a different in- 
cidence of rays, there are different refraftions ; but he would 
have it explicated, not by the different refrangibiiity of feveral 
rays, but by the fplitting and rarifying of asthereal pulfes. He 
grants my third, fourth, and fixth Proportions ; the fenfe of 
whkh is, that uncompoundedcolours are unchangeable, and that 
compounded colours are changeable, only by refolving them into 
tiae colours of which they are- compounded ; and that all the 

changes, , 
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changes, which can be wrought in colours, are effected on!y 
by varioufly mixing or parting them : but he grants them, on 
condition that I will explicate colours by the two fides of a fplk 
pulle, and fo make but two lpecies of them, accounting all other 
colours in the world to be but various degrees and dilutings of 
thole two. And he further grants, that whitenefs is produced 
by the convention of all colours ; but then I nwft allow it to be 
not only by mixture of thofe colours, but by a further uniting 
of the parts of the ray fuppcfed to be formerly fplit. If I would 
proceed to examine thefe his explications, I think it would be no 
.difficult matter to Ihew, that they are not only infufiicient, but 
in fome refpects unintelligible. For though it be eafy to conceive 
how motion may be dilated and fpread, or how parallel motions 
may become diverging ; yet I underftand not by what artifice 
any linear motion can, by a refracting fuperficies, be infinitely 
.dilated and rarifkd fo as to become fuperficial : or if that be fup- 
pofed, yet I underftand as little why it fliould be fplit at fo fmali 
an angle only, and not rather fpread, and difperfed through the 
•whole angle of refraction. And, further, though I can eafily 
imagine how unlike motions may crofs one another, yet I cannot 
well conceive how they mould coalefce into one uniform motion, 
and then part again, and recover their former unlikenefs ; not- 
•withftanding that I conjecture the ways by which Mr. Hook may 
.endeavour to explain it. So that the direct:, uniform, and undif- 
turbed pulfes, mould be fplit and difturbed by refraction ; and 
yet the oblique and difturbed pulfes perfift without fplitting, or 
further difturbance, f by following refractions, is as unintelligible. 
And there is as great difficulty in the number of colours, as you 
will fee hereafter. 

™n d£S£e Bnt whatever be the advantages or difadvantages of this hypo- 
IfeveT- ent thefis » 1 k 0 !* 2 Mr * win excufe me from taking it up, fince 
hypothecs. I do not think it needful to explicate my doctrine by any hypo- 
thefis at all ; for if light be confidered abftractedly without re- 
fpedt to any hypothefis, I can as eafily conceive, that the feveral 
parts of a lhining body may emit rays of different colours, and 
other qualities, of all which light is conftituted, as that the fe- 
deral parts of a falfe or uneven foing, or of agitated water in a 

hrook 
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brook or a cataract:, or the feveral pipes of an organ infpircd all 
at once, or all the variety of founding bodies in the world toge- 
ther, fhould produce founds of feveral tones, and propagate them 
through the air confufedly intermixed. And if there were any 
natural bodies, which could reflect founds of one tone, and ftifle 
or tranfmit thofe of another ; then, as the echo of a confufcd 
aggregate of all tones would be that particular tone, which the 
echoing body is difpofed to reflea : fo fince even by Mr. Hook's 
conceffions there are bodies apt to reflea rays of one colour, m:\ 
ftifle or tranfmit thofe of another ; I can as eafily conceive, 
that thofe bodies, when illuminated by mixture of all colours, 
muft appear of that colour only which they reflea. 

But when Mr. Hook would infinuate a difficulty in thefe 
things, by alluding to founds in the ftring of a mufical inftru- 
ment before percuffion, or in the air of an organ-bellows be- 
fore its arrival to the pipes : I muft confefs I underftand it as lit- 
tle, as if he had fpoke of light in a piece of a wood, before it 
be fet on fire ; or in the oil of a lamp, before it afcend up the 
match to feed the flame. m 

You fee therefore how much it is befides the bufinefs m^n-of 
hand, to difpute about hypothefis. For which reafon I fliall now, M 
in the laft place, proceed to abftraa the difficulties involved in 
Mr. Hook's difcourfe, and, without having regard to any hypothe- 
fis, confider them in general terms. And they may be reduced 
to thefe queries : Whether the unequal refraaions, made without 
refpeato any inequality of incidence, be caufed by the different 
refrangibility of feveral rays, or by the fplitting, breaking, or 
diffipating the fame ray into diverging parts ? Whether there be 
more than two forts of colours ; and whether whitenefs be a mix- 
ture of all colours ? , 

The firft of thefe queries you may find already determined by 
an experiment in my former letter: the defign of which was to 
fliew, that the length of the coloured image proceeded not from 
anyunevennefs in theglafs, or any other contingent irregularity 
in the refraaions. Amongft other irregularities, I know not 
what is more obvious to fufpeft, than a fortuitous dilating and 
fpreadin- of light, after fome fuch manner as Des Cartes hath 
Vol. IV. U u bribed 
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defcribed in his aethereal refractions for explicating the tail of a 
comet ; or as Mr. Hook now fuppofeth to be effected by the fplit- 
ting and rarifying of his aethereal pulfes. And to prevent the 
fufpicion of any fnch irregularities, I told you, that I refra&ed 
the light contrary ways with two prifms fucceffively; to deftroy 
thereby the regular effe&s of the firft prifm by the fecond ; and 
to difcover the irregular effects, by augmenting them with ite- 
rated re fractions. Now, amongft other irregularities, if the firft 
prifm had fpread and diffipated every ray into an indefinite num- 
ber of diverging parts; the fecond fliou Id, in like manner, have 
fpread and diffipated every one of thofe parts into a further in- 
definite number : whereby the image would ftill be more dilated, 
contrary to the event. And this ought to have happened, be- 
caufe thofe linear diverging parts depend not on one another for 
the manner of their refraction, but are every one of them as 
truly and compleatly rays, as the whole was before its incidence, 
as may appear by intercepting them feverally. 

The reafonablenefs of this proceeding will, perhaps, better ap- 
pear, by acquainting you with this further circumftance. 1 fome- 
times placed the fecond prifm in a pofition tranfvcrfe to the firft, 
on defign to try if it would make the long image become four- 
fquare, by refractions crofting thofe which had drawn the round 
image into a long one. For if amongft other irregularities the 
refraction of the firft prifm did, by fplitting, dilate a linear ray 
into a fuperficial, the crofs refradions of that fecond prifm ought, 
by further fplitting, to dilate, and draw that fuperficial rav into 
a pyramidal folid. But upon trial I found it otherwife ; the 
image being as regularly oblong as before, and inclined to both 
the prifms at an angle of 45 degrees. 

1 tried alfo all other pofitions of the fecond prifm, bv turning 
the ends about its middle part, and in no cafe could obferve any 
fuch irregularity. The image was ever alike inclined to both 
prifms, its breadth anfwering to the fun's diameter, and its length 
being greater or lefs, accordingly as the reflations more or lefs 
agreed or contradided one another. And bv thefe obfervations, 
fincethe breadth of the image was not augmented by the crofs 
refradion of the fecond prifm, that refraction muft have been 

performed 
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performed without any fplitting and dilating of the ray : and 
therefore at leaft the light incident on that prifm muft be grant- 
ed an aggregate of rays unequally refrangible in my fenfe. And 
fince the image was equally inclined to both prifms, and confe- 
quently the refractions alike in both, it argues, that they were 
performed according to fome conftant law without any irregu- 
larity. 

To determine the fecond query, Mr. Hook refers to an experi- Original 
ment made with two wedge-like boxes; the defign of which was IharTtwo.' 
to produce all colours out of a mixture of two. But there is a 
double defect in this inftance ; for it appears not that by this 
experiment all colours can be produced out of two ; and if they 
could, yet the inference would not follow. That all colours 
cannot, by the experiment, be produced out of two, will appear 
by conlidering, that the tincture of alots, which afforded one of 
thofe colours, was not all over of one uniform colour, but ap- 
peared Yellow near the edge of the box, and Red at other places 
where it was thicker, affording all variety of colours from a pale 
Yellow to a deep Red or Scarlet, according to the various thick- 
nefs of the liquor* And fo the folution of copper, which af- 
forded the other colour, was of various Blues and Indicos : fo 
that inftead of two colours, here is a great variety made ufe of, 
for the production of all colours. Thus, for inftance, to pro- 
duce all forts of Greens, the feveral degrees of Yellow and pale 
Blue muft be mixed ; but to compound Purples, the Scarlet and 
deep Blue or Indico are to be the ingredients. 

Now if Mr. Hook contend, that all the Reds and Yellows of 
the one liquor, or Blues and Indicos of the other, are only vari* 
ous degrees and dilutings of the fame colour, and not divers co- 
lours; that is a begging of the queftion : and I fhould as foon 
grant, that the two-thirds or fixths in mufic are but feveral de- 
grees of the fame found, and not divers founds. Certainly it is 
much better to believe our fenfes informing us, that Red and 
Yellow are divers colours ; and to make it a philofophical query, 
why the fame liquor doth, according to its various thicknefs, ap- 
pear of thofe divers colours ; than to fuppofe them to be the fame 
colour, becaufe exhibited by the fame liquor. For if that were 
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the fufficient reafon, then Blue and Yellow muft alfo be the fame 
colour, fince they are both exhibited by the fame tinaure of nt- 
pbritick wood. 

But that they are divers colours, you will more fully under- 
ftand by the reafon of them, which is this : The tin&ure of 
aloes is qualified to tranfmit moft eafily the rays indued with Red; 
mod difficulty, the rays indued with Violet; and with intermedi- 
ate degrees pf facility, the rays indued with intermediate colours. 
So that where the liquor is very thin, it may fuffice to intercept 
moft of the Violet, and yet tranfmit moft of the other colours ; 
all which together muft compound a middle colour, that is, a 
faint Yellow. And where it is fo much thicker, as alfo to in- 
tercept moft of the Blue and Green ; the remaining Green, Yel- 
low, and Red, muft compound an Orange. And where the 
thicknefs is fo great, that fcarce any rays can pafs through it, be- 
fides thofe indued with Red; it muft appear of that colour, and 
that fo much the deeper and obfcurer, by how much the liquor 
is thicker. And the fame may be underftood of the various de- 
grees of Blue exhibited by the foliation of copper, by reafon of 
its difpofition to intercept Red moft eafily, and tranfmit a deep 
Blue or Indico colour moft freely. 

But fuppollng that all colours might, according to this experi- 
ment, be produced out of two by mixture ; yet it follows not, 
that thofe two are the only original colours, and that for a dou- 
ble reafon. Firft, becaufe thofe two are not themfelves original 
colours, but compounded of others ; there being no liquor, nor 
any other body in nature, whofe colour in day-light is wholly 
uncompounded. And then, becaufe though thofe two were ori- 
ginal, and all others might be compounded of them ; yet it fol- 
lows not that they cannot be otherwife produced. For I faid, 
that they had a double origin, the fame colours to fenfe being in 
fome cafe compounded, and in others uncompounded ; and luf- 
ficiently declared in my third and fourth Propofitions, and in the 
conclufion, by what properties the one might be known and dif- 
tinguilhed from the other. But becaufe I fufpecT:,by fome circum- 
ftances, that the diftinction might not be rightly apprehended ; I 
fliall once more declare it, and further explain it by examples. 

That 
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That colour is primary or original, which cannot by any art^e » 
be changed^, and whofe rays are ail alike refrangible; and thaUomfo^i 
compounded^ which is changeable into other colour \r, and whofe rays a ^i^ nAed 
are not alike refrangible. For inftance, to know whether the colou "- 
colour of any Green objecl be compounded or not, view it through 
a prifm ; and if it appear confufed, and the edges tinged with 
Blue, Yellow, or any variety of other colours, then is that Green 
compounded of fuch colours, as at its edges emerge out of it.. 
But i£ it appear diftindt and well defined, and intirely Green to 
the very edges, without any other colours emerging ; it is of an 
original and uncompounded Green. In like manner, if a re- 
fracted beam of light, being caft on a white wall, exhibit a 
Green colour ; to know whether that be compounded, refraft the 
beam with an interpofed prifm : and if you find any difformity 
in the refractions, and the Green be transformed into Blue, Yel- 
low, or any variety of other colours ;- you may conclude, that it 
was compounded of thofe colours which emerge. But if the re- 
fraftion be uniform, and the Green perfift without any change 
of colour, then it is original and uncompounded. And the rea- 
fon why I call it fo, is, becaufe a Green, indued with fuch pro- 
perties, cannot be produced by any mixing of other colours. 

Now if two green objeas may, to the naked eye, appear of 
the fame colour; and yet one of them, through a prifm, feem 
confufed, and variegated with other colours at the edges ; and the 
other diftina and intirely Green : or, if there may be two beams - 
of light which, falling on a white wall, do, to the naked eye, ex- 
hibit the fame Green colour ; and yet one of them, when trans- 
mitted through a prifm, be uniformly and regularly refracted,, 
and retain its colour unchanged ; and the other be irregularly re- 
fraaed, and made to divaricate into a multitude of other co- 
lours : I fnppofe thefe two Greens will, in both cafe?, be grant- 
ed of a different origin and conftitution. And if by mixing co- 
lours a Green cannot be compounded with the properties of the 
unchangeable Green, I think I may call that an uncompounded 
colour ; efpecially fince its rays are all alike refrangible, and uni- 
form in all refpeas. 

1 The 
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The fame rule is to be obferved in examining whether Red, 
Orange, Yellow, Blue, or any other colour, be compounded or 
not. And, by the way, fince all White obje&s through the 
prifm appeared confufed, and terminated with colours ; Whitenefs 
muft, according to this diftindtion, be ever compounded ; and 
that the moil of all colours, becaufe it is the moft confufed and 
changed by refractions. 
a way of From hence I may take occafion to communicate a way for the 
ffierofcipei. improvement of microfcopes by refraction ; which I do the more 
willingly, becaufe Mr. Hook hath made fuch. excellent ufe of that 
inftrument ; and I mail be glad if it will contribute any thing to 
your promotion of thofe his ingenious endeavours, or add to his 
inventions of that kind. The way is, by illuminating the ob- 
jecl: in a darkened room with light of any convenient colour, 
not too much compounded. For by that means the microfcope 
will, with diftin&nefs, bear a deeper charge and larger aperture ; 
efpecially if its conftrudtion be fuch as I may hereafter defcribe : 
for the advantage in ordinary microfcopes will not be fo fenfible. 
Whitenefs a There remains now the third query to be confidered; and that 

mixture of all . x 

colours. is, whether Whitenefs be an uniform colour, or a diffimilar mix- 
ture of all colours. The experiment which I brought to de- 
cide it, Mr. Hook thinks may be otherwife explained, aud fo con- 
cludes nothing. But he might eafily have fatisfied himfelf, by 
trying what would be the refult of a mixture of all colours. 
And that very experiment might have fatisfied him, if he had 
examined it by the various circumftances. One circumftance I 
there declared, of which I fee no notice taken ; and it is, that if 
any colour at the lens be intercepted, the whitenefs will be 
changed into the other colours. If all the colours but Red be 
intercepted, the Red alone, in the concourfe or crofling of the 
rays, will not conftitute whitenefs, but continues as much Red as 
before ; and fo of the other colours. So that the bufinefs is not 
only to fhew how rays, which before the concourfe exhibit co- 
lours, do in the concourfe exhibit White : but to fhew how, in 
the fame place where the feveral forts of rays apart exhibit fe- 
deral colours, a confufion of all together make White. For in- 
stance, if Red alone be firft tranfmitted to the paper at the place 
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of concourfe, and then the other colours be let fall on that Red : 
the queftion will be, whether they convert it into White, by 
mixing with it only ; as Blue, falling upon Yellow light, is fup- 
pofed to compound Green : or whether there be fome further 
change wrought in the colours by their mutual acting on one an- 
other, until, like contrary peripatetic qualities, they become af- 
fimilated. And he that mall explicate this cafe mechanically, 
muft conquer a double impoffibility. He muft firft fhew, that 
many unlike motions in a fluid can, by claming, fo a£l on one 
another, and change each other, as to become one uniform mo- 
tion ; and then, that an uniform motion can of itfelf, without any 
new unequal impreflions, depart into a great variety of motions 
regularly unequal. And after this he muft further tell me, why 
all objects appear not of the fame colour; that is, why their 
colours in the air, where the rays that convey them every way 
are confufedly mixed, do not affimilate one another, and become 
uniform, before they arrive at the fpectator's eye. 

But if there be yet any doubting, it is better to put the event 
on further circumftances of the experiment, than to acquiefce in 
the poftibility of any hypothetical explication. As, for inftance, 
by trying what will be the apparition of thefe colours in a very 
quick confecution of one another. And this may be eafily per- 
formed by the rapid gyration of a wheel with many fpokes, or 
coggs in its perimeter, whofe interftices and thicknefles may be 
equal ; and of fuch a largenefs, that if the wheel be interpofed 
between the prifm and the White concourfe of the colours, one 
half of the colours may be intercepted by a fpoke or cogg, and 
the other half pafs through an interftice. The wheel being in 
this pofture, you may firft turn it ilowly about, to fee all the co- 
lours fall fuccefTively on the fame place of the paper, held at 
the aforefaid concourfe : and if you then accelerate its gyration, 
until the confecution of thofe colours be fo quick, that you can- 
not diftinguifh them feverally; the refulting colour will be a 
whitenefs perfeaiy like that which an unrefraaed beam of light 
exhibiteth, when in like manner fuccefiively interrupted by the 
fpokes or coggs of that circulating wheel. And that this white- 
nefs is produced only by a fuccefiive intermixture of the colours, 

without 
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without their being affimilated or reduced to any uniformity, is 
certainly beyond all poffibility of doubting; unlefs things that ex- 
ift not at the fame time, may notwithstanding ad: on one an- 
other. 

There are yet other circumftances, by which the truth might 
have been decided ; as by viewing the White concourfe of the 
colours through another prifm, placed clofe to the eye, bywhofe 
refra&ion that whitenefs may appear again transformed into co- 
lours. And then, to examine their origin, if an affiftant inter- 
cept any of the colours at the lens before their arrival at the white- 
nefs, the fame colours will vanifh from amongft thofe, into which 
that whitenefs is converted by the fecond prifm. Now if the 
rays which difappear be the fame with thofe that are intercepted; 
then it muft be acknowledged, that the fecond prifm makes no 
new colour in any rays which were not in them before their con- 
courfe at the paper : which is a plain indication, that the rays of 
feveral colours remain diftinft from one another in the whitenefs, 
and that from their previous difpofitions are derived the colours 
of the fecond prifm. And, by the way, what is faid of their 
colours, may be applied to their refrangibility. The aforefaid 
wheel may be alfo here made ufe of. And if its gyration be 
neither too quick nor too flow, the fucceflion of the colours may 
be difcerned through the prifm, whilft, to the naked eye of a 
by-ftander, they exhibit whitenefs. 

There is fomething ftill remaining to be faid of this experi- 
ment. But this I conceive is enough to enforce it, and fo to de- 
cide the controverfy. However, I mall now proceed to ihew 
fome other ways of producing whitenefs by mixtures ; fmce 
perfuade myfelf, that this affertion above the reft appears pa- 
radoxical, and is with moft difficulty admitted. And becaufe 
Mr. Hook defires an inftance of it in bodies of divers colours, I 
ihall begin with that. But in order thereto, it muft be conii- 
dered, that fuch coloured bodies refleft but fome part of the light 
incident on them, as is evident by the 13th Proportion; an 
therefore the light, refle&ed from an aggregate of them, will ^ 
much weakened by the lofs of many rays. Whence a per e 
and intenfe whitenefs is not to be expected, but rather a colou 
6 between 
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between thofe of light and lhadow, or fuch a Grey or dirty co- 
lour as may be made by mixing White and Black together. And 
yet fuch a colour will refult, may be collected from the colour of 
duft found in every corner of a houfe, which hath been obferved 
to conlift of many coloured particles. There may be alfo pro- 
duced the like dirty colour, by mixing feveral painter's colours to- 
gether. And the fame may be effected by painting a top (fuch 
as boys play with) of divers colours ; for when it is made to cir- 
culate by whipping, it will appear of fuch a dirty colour. 

Now the compounding of thefe colours is proper to my pur- Gwnotfpe- 
pofe, becaufe they differ not from whitenefs in the fpecies of co- fcrent from 
lours, but only in degrees of luminoufnefs, which, did not Mr. 
Hook concede it, I might thus evince. A beam of the fun's light 
being tranfmitted into a darkened room, if you illuminate a flieet 
of white paper by that light refle&ed from a body of any colour; 
the paper will always appear of the colour of that body, by 
whofe reflected light it is illuminated. If it be a Red body, the 
paper will be Red ; if a Green, it will be Green ; and fo of the 
other colours. And the reafon is, that the fibres or threads, of 
which the paper confifts, are all tranfparent and fpecular ; and 
fuch fubftances are known to refka colours without changing 
them. To know, therefore, to what feries of colours a Grey 
belongeth, place any Grey body, fuppofe a mixture of painted 
colours, in the faid light ; and the paper, being illuminated by 
its refleaion, fliall appear White ; and the fame thing will hap- 
pen, if it be illuminated by refleaion from a Black fubftance. 

Thefe, therefore, are all of one fpecies ; but yet theyfeem toc^and^ 
be diftinguifhed not only by degrees of luminoufnefs, but alfo dwnguifted 
by fome other inequalities, whereby they become more harfh or 101,1 
pleafant : and the diftinaion feems to be, that Grays, and per- 
haps Black, are made by an uneven defeat of light, confifting as 
it were of many little veins or ftreams, which differ either in lu- 
minoufnefs, or in the unequal diftribution of diverfly coloured 
rays, fuch as ought to be caufed by refleaion from a mixture of 
White and Black, or of diverfly coloured corpufcles. But when 
fuch imperfeaiy mixed light is, by a fecond refleaion from the 
paper, more evenly and uniformly blended, it becomes more 

Vol. IV. X x pleafant, 



33 € THEORY OF 

pleafant, and exhibits a faint or fhaddowed whitenefs. And that 
fuch little irregularities as thefe may caufe thefe differences is not 
improbable, if we confider how much variety may be caufed in 
founds of the fame tone by irregular and uneven jarrings. And, 
befides, thefe differences are fo little, that I have fometimes 
doubted whether they be any at all ; when I have confidered, that 
a Black and a White body being placed together, the one in a 
ftrong light, and the other in a very faint light fo proportioned, 
that they might appear equally luminous ; it hath been difficult 
to diftinguifh them, when viewed at a diftance, unlefs when the 
Black feemed more Blueilh, and the White body in a light ftill 
fainter, hath, in comparifon of the Black body itfelf, appeared 
Black. 

Another wjy This leads me to another way of compounding Whitened, 
ing White- which is this : that if four or five bodies of the more eminent co- 
nefs * lours, or a paper painted all over in feveral parts of it with thofe 
feveral colours in a due proportion, be placed in the faid beam of 
light ; the light reflected from thofe colours to another white 
paper, held at a convenient diftance, fhall make that paper ap- 
pear White. If it be held too near the colours, its parts will 
feem of thofe colours which are neareft them; but by removing 
it further, that all its parts may be equally illuminated by all the 
colours, they will be more and more diluted, until they become 
perfectly White. And you may further i&ferve, that if any of 
the colours be intercepted, the paper will no longer appear White, 
but of the other colours which are not intercepted. Now that 
this Whitenefs is a mixture of the feverally coloured rays, fall- 
ing confufedly on the paper, I fee no reafon to doubt of; becaufe 
if the light became uniform and fimilar before it fell on the pa- 
per, it muft much more be uniform, when at a greater diftance 
it falls on the fpectator's eye ; and fo the rays which come from 
feveral colours would, in no qualities, differ from one another, 
but all of them exhibit the fame colour to the fpectator, contrary 
to what he fees. Not much unlike this inftance it is, that if a 
polifhed piece of metal be fo placed, that the colours appear in it 
as a looking-glafs, and then the metal be made rough, that by a 
confufed reflection thofe apparent colours may be blended to- 
gether, 
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gether, they fhall difappear, and by their mixture caufe the me- 
tal to look White. 

But further to enforce this experiment, if inftead of the pa* of Ae 
per any white froth, confifting of fmall bubbles, be illuminated Froth, 
by reflection from the aforefaid colours, it fhall to the naked eye 
fcem White; and yet through a good microfcope the feveral co- 
lours will appear diflinct on the bubbles, as if feen by reflexion 
from fo many fpherical furfaces ; with my naked eye being very 
near, I have alfo difcerned the feveral colours on each bubble ; 
and yet at a greater diftance, where I could not diftinguifh them 
apart, the froth hath appeared entirely White. And at the fame 
diftance, when I looked intently, I have feen the colours diftinct- 
ly on each bubble ; and yet by ftraining my eyes, as if I would 
look at fomething far off beyond them, thereby to render the vi- 
fkm confufed, the froth hath appeared without any other colour 
than Whitenefs. And what is here faid of froth, may be eafily 
underftood of the paper or metal in the foregoing experiments ; 
for their parts are fpecular bodies, like thofe bubbles, and perhaps 
with an excellent microfcope the colours may be alfo feen inter- 
mixedly reflected from them. 

In proportioning the feverally coloured bodies to produce thefe 
effects, there may be fome nicenefs ; and it will be more conve- 
nient to make ufe of the colours of the prifm caft on a wall, 
by whofe reflection the paper, metal, froth, and other white 
fubftances may be illuminated : and I ufually made my trials 
this way, becaufe I could better exclude any fcattering light from 
mixing with the colours to dilute them. 

To this way of compounding Whitenefs may be referred that 
other, by mixing light after it hath been trajected through tranf- 
parently coloured fubftances. For inftance, if no light be ad- 
mitted into a room but only through coloured glafs, whofe feve- 
ral parts are of feveral colours in a pretty equal proportion, all 
white thingf in the room fhall appear White, if they be not 
held too near the glafs : and yet this light with which they are 
illuminated cannot poflibly be uniform, becaufe if the rays, 
which at their entrance are of divers colours, do, in their pro- 
gress through the room, fuffer any alteration to be reduced to an 

v v 2 uniformity, 
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uniformity, the glafs would not, in the remoteft parts of the* 
room, appear of the very fame colour which it doth when the 
Spectator's eye is very near it. Nor would the rays, when trans- 
mitted inta another dark room through a little hole in an oppo- 
jfite door or partition-wall, project on a paper the Species or repre- 
fentation of the glafs in its proper colours. 

And, by the way, this Seems a very fit and cogent in fiance of 
fome other parts of my theory, and particularly of the 13th Pro- 
pofition. For in this room all natural bodies whatever appear of 
their proper colours ; and all the phenomena of colours in na- 
ture, made either by refraction or without it, are here the fame 
as in the open air. Now the light in this room being fuch a? 
diffimilar mixture as I have defcribed in my Theory, the caufes 
of all thefe phenomena mull be the fame that I have there af- 
figned. And I can fee no reafon to SuSpect, that the fame phae- 
nomena fhould have other caufes in the open air. The SucceSs of 
this experiment may be eaSily conjectured by the appearance of 
things in a church or chapel, whofe windows are of coloured 
glafs ; or in the open air, when it is illuflrated with clouds of va- 
rious colours. 

There are yet other ways by which I have produced White- 
nefs : as by cafting Several colours from two or more priSms upon* 
the fame place, by refracting a beam of light with two or three 
prifms Succeffively, to make the diverging colours converge again ^ 
by reflecting one colour upon another; and by looking through a 
prifm on an object of many colours ; and, which is equivalent to 
Mr. Hook's way of mixing colours, by concave-wedges filled with 
coloured liquors, I have obferved the fhadows of a painted 
glafs-window to became white, where thofe of many colours 
have at a great diftance interfered. But yet, for further Satis- 
faction, he may try, if he pleafe, the effects of four or five fuch 
wedges filled with liquors of as many colours. 

Befides all thefe, the colours of water-bubbles, and other thin 
pellucid fubftances, afford feveral inftances of Whitenefs, produced 
by their mixture ; with one of which I mall conclude this parti- 
cular. Let fome water, in which a convenient quantity of foap or 
walh-bal is diffolved, be agitated into a froth ; and after that froth 

hath 
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hath flood a while without further agitation, till you lee the bubbles 
of which it conlifts begin to break, there will appear a great va- 
riety of colours all over the top of every bubble, if you view 
them near at hand ; but if you view them at fo great a diftance, 
that you cannot diftinguiih the colours one from another, the froth 
will appear perfectly White. 

Thus much concerning the deflgn and fubftance of Mr. Hook's 
confiderations. There are yet fome particulars to be taken notice XmeT" 
of ; as the denial of the Experimentum Cruets, On this I chofe 
to lay the whole ftrefs of my difcourfe, which therefore was the 
principal thing to have been objected againlt. But I cannot be 
convinced of its infufficiency by a fhort bare denial, without af- 
Signing. a reafon for it. I am. apt to believe it hath been miSun- 
derftood. For other wife it would have prevented the difcourfes 
about rarefying and Splitting of rays; beeaufe the defign of it is 
to mew, that rays of divers colours, confidered apart, do at 
equal incidences- fuffer unequal refractions, without being fplit, 
rarefied, or any way dilated. 

In the confiderations on my firfl and fecond Proportions, Mr. h<k>Vs repre* 
Hook hath rendered my doctrine of unequal refrangibility very the Newto- 
imperfect and maimed, by explicating it wholly by the Splitting im^r-" 6 
of rays ; whereas 1 chiefly intended it in thofe refractions, which feiu 
are performed without that fuppofed irregularity, fuch as the 
Experimentum Cruets might have informed him of. And in ge- 
neral I find, that whilft he hath endeavoured to explicate my 
Propofitions hypothetically, the more material fuggeftions, by 
which I defigned to recommend them, have efcaped his confide- 
ration ; fuch as are the unchangeableneSs of the degree of re- 
frangibility peculiar to any fort of rays ; the fhrict analogy be- 
tween the degrees of refrangibility and colours ; the diftinction 
"between compounded and uncompounded colours ; the unchange- 
ableneSs of uncompounded colours ; and the affertion, that if 
any one of the prifmatic colours be wholly intercepted, that co- 
lour cannot be new produced out of the remaining light by any 
further refradion or reflection whatsoever ; and of what length 
and efficacy thefe particulars are for enforcing the theory, I de- 
fire, therefore, may be now confidered. 

In 
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Depreeof In the laft place, I fhould take notice of a cafual expreflion, 
which intimates a greater certainty in thefe things, than I ever 

ot colours. p rom jf e d j v j Zm t be certainty of Mathematical Uemonjlrations. I 
faid, indeed, that the fcience of colours was mathematical, and 
as certain as any other part of Optics ; but who knows not that 
Optics, and many other mathematical fciences, depend as well on 
phyfical fciences, as on mathematical demonftrations ? And the 
abfolute certainty of a fcience cannot exceed the certainty of its 
principles. Now the evidence, by which I afferted the propofi- 
tions of colours, is in the next words expreiled to be from experi- 
ments, and fb but phyfical : whence the Propolitions themfelves 
can be efteemed no more than phyfical principles of a fcience. 
And if thofe principles be fuch, that on them a mathematician 
may determine all the phenomena of colours, that can be caufed 
by refractions, and that by difputing or demonftrating after what 
manner, and how much, thofe refractions do feparate or mingle 
the rays, in which feveral colours are originally inherent; I fup- 
pofe the fcience of colours will be granted mathematical, and as 
certain as any part of Optics. And that this may be done, I have 
good reafon to believe, becaufe ever fince I became firft acquaint- 
ed with thefe principles, I have, with conftant fuccefe in the 
events, made ufe of them for this purpofe. 

Thus much I have thought fit to return to Mr. HooKs confide- 
rations, which, that it may bring fatisfa&ion in this part of Op- 
tics to the honourable members of the Royal Society, hath been 
the rule of my intentions. Yours, &c. 



VII. 

To Mr. O L DENBURG. 

S J R> Cambridge. 

I Received you letter, with Mr. Hugen's kind prefent, which 
I have viewed with great fatisfaclion, finding it full of very fub- 
tie and ufeful fpeculation very worthy of the author. I am 
glad that we are to expeft another difcourfe of the vis centrifuge 
which fpeculation may prove of good ufe in natural philofophy 
and aftronomy, as well as mechanics. 

I Thus, 
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Thus, for inftance, if therealbn why the fame fide of theraoonisHimtion a { 
ever towards the earth, be the greater conatus of the other fide tollfu" Vylli 
recede from it ; it will follow, upon fuppofition of the earth's mo- nW ** 
tion about the fun, that the greateft diftance of the fun from the 
earth is to the greateft diftance of the moon from the earth not 
greater than i©oootos6: and therefore the parallax of the fun 
will not be lefs than of the parallax of the moon. Becaufe 
were the fun's diftance lefs in proportion to that of the moon, fiie 
would have a greater conatus from the fun than from the earth. 
I thought alfo fometimes, that the moon's libration might depend 
upon her conatus from the fun and earth compared together, till 
I apprehended a better caufe. 

In the demonftration of the 18th Propofition, Be defcenfu **'&*v** f 
gravium, there feems to be an illegitimate fuppofition ; namely, tion in Mr. 
that the flexures at b and c do not hinder the motion of the de- 

detnonilratioa 

fcending body. For in reality they will hinder it ; fo that the f T ^J t ith 
body, which defcends from a, lhall not acquire fo great velocity 
when arrived at d, as one which defcends from e. If this fup- 
pofition be made, becaufe a body defcending by a curve line 
meets with no fuch oppofition, and this propofition is laid down 
in order to the contemplation of motion in curve lines ; then it 
mould have been fhewn, that though rectilinear flexures do hin- 
der, yet the infinitely little flexures, which are in curves, though 
infinite in number, do not at all hinder the motion. 

The re&ifying curve lines by that way, which Mr. Hugens calh Evolution, 
evolution, 1 have been fome time confidering alfo ; and have met 
with a way of refolving it, which feems more ready and free 
from the trouble of calculation, than that of Mr. Hugens. If 
He pleafe, I will fend it him. The Problem alfo is capable of 
being improved, by being propounded thus more generally. 

Curvas invenire qualefcunque, quorum longitudines cum pro- 
pcfita alicujus Curv* longitudine, vel cum area ejus, ad daiam li- 
mam applicatd^ comparari pojfunt. 

Concerning the bufinefs of colours, when Mr. Hugens hath^™'* 
foewn how White may be produced out of two uncompounded co^t^^ 
burs, I will tell him, why be can conclude nothing from that; myedCotoon. 

meaning 
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meaning was, that fuch a White, were there any fuch, would 
have different properties from the White which I had refpect to, 
when I defcribed my Theory; that is, from the White of the 
fun's immediate light, of the ordinary objects of our fenfes, and 
of all white phenomena that have hitherto fallen under my ob- 
fervation. And thofe different properties would evince it to be 
of a different conftitution : infomuch, that fuch a production of 
White would be fo far from contradicting, that it would rather 
illuftrate and confirm my Theory ; becaufe by the difference of 
that from other Whites, it would appear, that other Whites are 
not compounded of only two colours like that And therefore 
if Monf. H. would prove any thing, it is requifite that he do not 
only produce out of two primitive colours a White, which to 
the naked eye fliall appear like other Whites, but alfo fliall agree 
with them in all other properties. 

But to let you underftand wherein fuch a White would differ 
from other Whites, and why from thenee it would follow, that 
other Whites are other wife compounded ; 1 fliall lay down this 
pofitian. 

'that a compounded colour can be refohed into no more fimple ah 
Jours, than tbofe of which it is compounded. 

This feems to be felf- evident; and I have alfo tried it feveral 
ways, and particularly by this which follows. Let « reprefent an 
oblong piece of White paper, about } or ^ of an inch, 
broad, and illuminated in a dark room, with a mixture 
of two colours call upon it from two prifms ; fuppofe a 
deep Blue and Scarlet, which muft feverally be as un- 
compounded as they can conveniently be made. Then, 
at a convenient diftance, fuppofe of fix or eight, yards, 
view it through a clear triangular ghfs or cryftal prifm, held pa- 
rallel to the paper; and you fliall fee the two colours parted from 
one another in the fafliion of two images of the paper, as they 
are reprefented at (3 andy; where fuppofe 0 the Scarlet, and y 
the Blue., without Green, or any other colour between them. 

Now from the aforefaid pofition I deduce thefe two conclufions. 
i. That if there were found out a way to compound White of. 
two fimple colours, that White would be again refolvable into no 

more 
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more than two. 2. That if other Whites, as that of the fun*s 
light, 8cc. be refolvable into more than two fimple colours, as I 
find by experiment that they are, then they muft be compounded 
of more than two. 

To make this plainer, fuppofe that a reprefents a White body, 
illuminated by a direct beam of the fun, tranfmitted through a 

fmall hole into a dark room ; and «, fuch 
another body, illuminated by a mixture 
of two fimple colours ; which, if pofli- 
ble, may make it alfo appear of a White 
colour exactly like a. Then, at a conve- 
nient diftance, view thefe two Whites 
through a prifm ; and a will be changed into a feries of all co- 
lours, Red, Yellow, Green, Blue, Purple, with their intermediate 
degrees fucceeding in order from b to c. But «, according to 
the aforefaid experiment, will only yield thofe two colours of 
which it was compounded ; and thofe not conterminate like the 
colours at bc, but feparate from one another, as at @ and <y, by 
means of the different refrangibility of the rays, to which they 
belong. And thus by comparing thefe two Whites, they would 
appear to be of a different conftitution, and a to confift of more 
colours than «. So that what Monf. H. contends for, would ra- 
ther advance my Theory by the accefs of a new kind of White, 
than conclude againft it. But I fee no hopes of compounding 
fuch a White. 

As for Monf. H. his expreffion, that I maintain my doclrine 
with Jome concern ; I confefs it was a little ungrateful to me, to 
meet with objections which had been anfwered before, without 
having the leaft reafon given me, why thofe anfwers were ineffi- 
cient. Thofe anfwers were to ftiew, that there are other fimple 
colours befides Blue and Yellow; I inftanced in a fimple or ho- 
mogeneal Green, fuch as cannot be made by mixing Blue and Yel- 
low, or any other colours. And I alfo ihewed why, fuppofing 
that all colours might be produced out of two, yet it would not 
follow that thofe two are the only original colours. The reafons 
I clefire you would compare with what hath now been faid of 
White. And fo the neceflity of all colours to produce White, 

Vol. IV. Y y niight 
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might have appeared by that experiment, where I fay, That if 
any colour at the lens be intercepted, the Whitenefs (which is 
compounded of them ail) will be changed into (the refult of) the 
other colours. 

However, fince there feems to have happened fome mifunder- 
ftanding between us, I fhall endeavour to explain myfelf a little 
further in thefe things, according to the following method. 

Definitions.] I. I call that Light homogeneal, fimilar or 
uniform, whofe rays are equally refrangible. 

II. And that heterogeneal, whofe rays are unequally refran- 
gible. 

Note. There are but three affections of light, in which I have 
obferved its rays to differ, viz. refrangibility^ reflembility and co- 
lour ; and thofe rays which agree in refrangibility, agree alfo in 
the other two, and therefore may well be defined homogeneal ; 
efpecially fince men ufually call thofe things homogeneal, which 
are fo in all qualities that come under their knowledge, though 
in other qualities, that their knowledge extends not to, there may 
poflibly be fome heterogeneity. 

III. Thofe colours I call fimple, or homogeneal, which are 
exhibited by homogeneal light. 

IV. And thofe compounded or heterogeneal, which are exhi- 
bited by heterogeneal light. 

V. Different colours, I call not only the more eminent fpecies, 
Red, Yellow, Green, Blue, Purple, but all other the minuteft gra- 
dations ; much after the fame manner that not only the more 
eminent degrees of mufick, but all the leaft gradations are ef- 
teemed different founds. 

Propositions.] I. The fun's light eonfiftsof rays differing 
by indefinite degrees of refrangibility. 

II. Rays which differ in refrangibility when parted from one 
another, do proportionally differ in the colours which they exhi-. 
bit. Thefe two Proportions are matter of faa. 

III. There are as many fimple or homogeneal colours, as de- 
grees of refrangibility : for to every degree of refrangibility be- 
longs 
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longs a different colour, by Prop. II. and that colour is fimple, 
by Def. I. and III. „ 

IV. Whitenefs, in all refpects like that of the fun's immediate 
light, and of all the ufual objects of our fenfes, cannot be com- 
pounded of two fimple colours alone : for fuch a compofition 
mult be made by rays that have only two degrees of refrangibili- 
ty, by Def. I. and III ; and therefore it cannot be like that of the 
fun's light, by Prop. I ; nor, for the fame reafon, like that of or- 
dinary White objects. 

V. Whitenefs, in all refpects like that of the fun's immediate 
light, cannot be compounded of fimple colours, without an in- 
definite variety of them : for to fuch a compofition there are re- 
quifite rays endued with all the indefinite degrees of refrangibili- 
ty, by Prop. I, And thofe infer as many fimple colours, by Def. 
L and ML and Prop. II. and III. 

To make thefe a little plainer, I have added alfo the Propofi- 
tions that follow. 

VI. The rays of light do not act on one another in pa fling 
through the fame medium. This appears by feveral former paf- 
fages, and is capable of further proof. 

VII. The rays of light fuffer not any change of their qualities 
from refraction. 

VIII. Nor afterwards from the adjacent quiet medium. Thefe 
two Propofitions are manifeft de faBo in homogeneal light, whofe 
colour and refrangibility is not at all changeable, either by re- 
fraction, or by the contermination of a quiet medium. And as 
for heterogeneal light, it is but an aggregate of feveral forts of 
homogeneal light ; no one fort of which fuffers any more alte- 
ration^ an if it were alone; becaufe the rays aa not on one an- 
other, by Prop. vi. and therefore the aggregate can fuffer none. 
Thefe two Propofitions alfo might be further proved apart by ex- 
periments, too long to be here defcribed. 

IX. There can no homogeneal colours be educed out of light 

by refradion, which were not commixt in it before ; becaufe by 

Prop. vii. and vm. refraction changeth not the qualities of the 

rays, but only feparates thofe which have diverfe qualities, by 

means of the different refrangibility. 

y y X. The 
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X. The fun's light is an aggregate of an indefinite variety of 
homogeneal colours ; by Prop. I. III. and IX. And hence it is, 
that I call homogeneal colours alfo primitive or original. 

And thus much concerning colours. 

Monf. H. has thought fit to infinuate, that the aberration of 
rays, by their different refrangibility, is not fo confiderable a 
difad vantage in glaffes, as I feemed to be willing to make men 
believe, when I propounded concave mirrors as the only hopes 
of perfecting telefcopes. But if he pleafe to take his pen, and 
compute the errors of a glafs and fpeculum, that collect rays at 
equal diftances, he will find how much he is miftaken ; and that 
I have not been extravagant, as he imagines, in preferring re- 
flexions. And as for what he fays of the difficulty of the praxis, 
I know it is very difficult ; and by thofe ways which he attempt- 
ed it, I believe unpraclicable. But there is a way infinuated in 
the Tranfa£tions, p. 3080, by which it is not improbable, but 
that as much may be done in large telefcopes, as I havetherehy 
done in lhort ones ; but yet not without more than ordinary dili- 
gence and curiofity. 

Pray with thefe notes return my thanks to Mr. Hugem for his 
book. 

of siufias's By a former letter of your's, I was a little dubious whether 
Sgeli Mr. Slufius might not apprehend, by what you wrote to him con- 
cerning me, that I pretended to his method of drawing tangents, 
until I underftood by Mr. Collins that you fignified to him, that 
you thought it here of a later date. For it feems to me, that he 
was acquainted with it fome years before he printed his Mefola- 
lum, and confequently before I underftood it. But if it had 
been otherwife, yet fince he firft imparted it to his friends and 
the world,, it ought defervedly to be accounted his. As for the 
methods, they are the fame ; though I believe derived from dif- 
ferent principles. But I know not whether his principles afford 
it fo general as mine ; which extends to equations affected with 
fnrd terms, without reducing them to another form. But, if 
you pleafe, let this pafs. 

The incongruities you fpeak of, I pafs by. But I muft, as 
formerly, fignify to you, that I intend to be no farther follicitous 

about 
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about matters of philofophy. And therefore I hope you will 
not take it ill, if you find me never doing any thing more in 
that kind : or rather that you will favour me in my determina- 
tion, by preventing, fo far as you can conveniently, any objec- 
tions, or other phiiofophical letters, that may concern me. For 
your proffer about my quarterly payments, I thank you. But I 
would not have you trouble yourfelf to get them excufed, if you 
have not done it already. And now being tired with this long 
letter, I muft, in hafte, write myfelf your's, 8cc. 



VIII. 



Mr. NEWTON'S anfwer to Monf. HUGENIUS'S letter of 

Jan. 14, 16^. 

Sir, 

IT feems to me, that M. Hugem takes an improper way of Thefaiiacyof 
examining the nature of colours, wliilft he proceeds upon com '*«^ t 
pounding thofe that are already compounded, as he doth in the gj£ n . 
former part of his letter. Perhaps he would fooner fatisfy him- 
felf, by refolving light into colours, as far as may be done by 
art, and then by examining the properties of thofe colours apart ; 
and afterwards by trying the effects of reeonjoining two or more, 
or all of thofe : and, laftly, by feparating them, again, to exa- 
mine what changes that reconjunction had wrought in them; 
This will prove a tedious and difficult tafk, to do it as it ought to 
be done ; but I could not be fatisfied, till I had gone through it. 
However* I only propound it, and leave every man to his own 
method. . 

As to the contents of his letter, I conceive my former anfwer aj 
to the quare about the number of colours is fufficient, which rinjf^ 
was to this effect. That all colours cannot practically be derived Blr 
out of Yellow and Blue, and confequently that thofe hypothefes 
are falfe, which imply they may. If you aft, what colours 
cannot be derived out of Yellow and Blue, I anfwer, none ot 
thofe which I defined to be original; and if he can mew by ex- 
periment how they may, I will acknowledge myfelf man error. 



Nor 
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Nor is it eafier to frame an hypothefis, by aiTuming only two ori- 
ginal colours, rather than an indefinite variety ; unleis it be ca- 
ller to fuppofe, that there are but two figures, fires, and degree! 
of velocity, or force of the sethereal corpufcles or pttifes, rather 
than an indefinite variety, which certainly would be a very harfh 
fuppofition. No man wonders at the indefinite variety of waves 
of the fea, or of fands oa the ftiore ; but wem they all of but 
two fizes, it would be a very puling phenomenon. And I 
mould think it as unaccountable, if the feveral parts or corpuf- 
cles of which a lhining body confifts, which rauft be fuppofed 
of various figures, fizes, and motions, fliould imprefs but two 
forts of motion on the adjacent sethereal medium ; or any other 
way beget but two forts of rays. But to examine how colottrs 
may be thus explained hypothetkally,, is, befides, my purpofe, 
I never intended to fliew wherein confifts the nature and differ- 
ence of colours, but only to mew, that de fatfo they are origi- 
nal and immutable qualities of the rays which, exhibit them; 
and to leave it to others to explicate, by mechanical hypothtfes, 
... the nature and difference of the qualities ; which I take to be no 
very difficult matter. But I would not be underflow!, as if their 
difference confifted in the different refrangibility of thofe rays; 
for that different refrangibility conduces to their produtSlion no 
otherwife, than by feparating the rays whofe qualities they are; 
Whence it is, that the fame rays exhibit the fame colours, when 
feparated by any other means ; as by their different reflexibilrty ; 
a quality not yet difcourfed of. 
Z In the next Particular, where M. Hugens would fhew, that it 

G^ n Y a e nd° w ' 1S n0t neceflrai 7 *> mix all colours for the produaion of White; 
Blur. the mixture of Yellow, Green, and Blue, without Red or Violet, 
which he propounds for that end, will not produce White, but 
Green; and the brighteft part of the Yellow will afford no other 
colour but Yellow, if the experiment be made in a room well 
darkened, as it ought, becaufe the coloured light is much weak-^ 
ened by the reflexion, and fo apt to be diluted by the mixing of 
the other Mattering 1 ight. But yet there is an experiment or two 
mentioned in my letter in the Tranfaaions, Numb. 88, by which 
I have produced White out of two colours alone, and that vari- 

oiifly, 
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oufly, as out of Orange and a full Blue, and out of Red and 
pale Blue, and out of Yellow and Violet; as alfo out of other 
pairs oi intermediate colours. The moft convenient experiment 
for performing this was, that of calling the colours of one prifm 
upon thofe of another, after a due manner. But what M. Hu- 
gens can deduce from hence, I fee not; for the two colours were 
compounded of all others, and fo the refulting White, to fpeak 
properly, was compounded of them all, and only decompound- 
ed of thofe two. For inftance, the Orange was compounded of 
Red, Orange, Yellow, and fome Green ; and the Blue and Violet, 
full Blue, light Blue, and fome Green, with all their intermediate 
degrees ; and consequently the Orange and Blue together made 
aa aggregate of : all. colours, to conftitute the White. Thus if 
one mix Red*. Orange and. Yellow powders, to make an Orange; 
and Green, Blue, and Violet powders, to make a Blue : and, laft- 
ly, the two mixtures to Dteke a Grey : that Grey, though de- 
compounded of no more than two mixtures, is yet compounded 
of all the fix powders as truly, as if the powders had been all 
mixed at once. This -is- fo plain, that I conceive there can be no 
further fcruple ; efpecially to them who know how to examine 
whether a colour be fiftipleor cornpounded, and of what colours 
it is compounded : which hiving explained in another place, I 
ne^ npt now repeat. ,f If therefore M. Hugens woiild conclude 
any thing, he rauft (hew how White may be produced out of two 
uncompounded colours ; which, when he hath done, I will fur* 
ther tell him why he can conclude nothing from that, But I 
believe there cannot be found an experiment of that kind ; be- 
caufe, as I remember, I once tried by gradual fuecefllon the mix- 
ture of all pairs of uncompouAded colours, ; and though fome of 
them were paler and nearer to White than others, yet none could 
be truly called White. But it being fome years fince this trial 
was made, I remember not well the eircumftances and there- 
fore recommend it to others to be tried again. 

In the laft place, had I thought the diftinanefs of the piaureonhe ^ 
which (for inftance) a twelve-foot objea-glafs cafts into a dark-Teiefcope*. 
ened room, to be fo contrary to me as M. Hugens is pleafed to af- 
firm, 1 mould have mended my Theory in that point, before I 

propounded 
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propounded it. For that I had thought on that difficulty, you 
may eafily guefs by an expreflion fomewhere in my firft letter to 
this purpofe, that I wondered how telefcopes could be brought to 
fo great perfection by refra&ions, which were fo irregular. But 
to take away the difficulty, I muft acquaint you, firft, That 
though I put the greateft lateral error of the rays from one an- 
ther to be about ^ of the glafs's diameter, yet their greateft error 
from the points, on which they ought to fall, will be but of 
that diameter :' and then, that the rays, whofe error is fo great, 
are but very few, in comparifon to thofe which are refracted 
more juftly. For the rays, which fall upon the middle parts of 
the glafs, are redrafted with fufi^tient exactness; as alfo are thofe 
that fall near the perimeter, and have a mean degree of refran- 
gibility. So that there remain only the rays which fall near the 
perimeter, and are mod or leaft refrangible, to caufe any fenfible 
confufion in the pi&ure. Arid thefe are yet fo much further 
weakened by the greater fpace, through which they are fcattered; 
that the light which falls on the due point is infinitely more denfe, 
•than that which falls on any other point round about it. Which, 
though it may feem a paradox, yet is eafily demonftrable.- Yea, 
although the light, which paffeth through the middle parts of 
the glafs, were wholly intercepted, 1 yet : would the remaining 
light convene infinitely more- denfe at the -due points, than at 
other places. And by this axis of denfity, the light which falls 
in, or infenfibly near, the juft point, may, I conceive,' ftfike the 
fenforium fo vigoroufly, that the imprefs of the weak light, 
which errs round about it, mall, in comparifon, not be ftrong 
enough to be animadverted, or tocaufe any more fenfiSle confu- 
fion in the picture, than is' found by experience. This I conceive 
is enough to fhew why the picture appears fo diftinct, notwith- 
standing the irregular refraction. But if this fatisfy not, M. Hu- 
gens may try, if he pleafe, how diftmct the picture will appear, 
when all the lens is covered, excepting % little hole next its edge 
on one fide only. And if in this cafe he pleafe to meafure the 
breadth of the colours, thus made at the edge of the fun's pic- 
ture, he will perhaps find it approach nearer to my proportion 
than he expects. 
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To Mr. OLDENBUR G, 

....... Slit, - - . - ■ ' tr- 

WHEN you (hewed me Mr. Line's fecond letter, I remember 
1 told you, that I thought an anfwer in writing would be insigni- 
ficant*, becaufethe difputewas not about any -ratiocination, .but 
my veracity in relating an experiment, which he denies wall fuc- 
ceed, as it is defcribed in my printed letter : for *his4s to be de- 
cided not by difcourfe, but new trial of the experiment. / •.. 

What it is that impofesupon Mr. Line, 1 cannot imagine; but 
I fufpeft he has not tried the experiment fince he acquainted 
himfelf with my Theory ; but depends upon his old notions, 
taken up before he had any hint given to obferve the:figureof 
the coloured image. 1 fhall defire him* therefore, before he re- 
turns any anfwer, to try it-once more for his fatisfa&ion, and ac- 
cording to this manner* > - 

• Let him take any prifin, and hold it fo (hrt-fts axis may be 
perpendicular to the fun's rays; and in this pofturetet it^^^gg™-* 
as clofe as may be to the hole, through which the f«n ihines mto mc* 
a dark room; which hole may be about the bignefs of a- pea. 
Then let him turn the prifm flowly about its axis, and he mall 
fee the colours move upon the oppofite wall ; firft, towards that 
place to which the fun's direct light would pa^fs, -if the prifm were 

-taken away; andthenback again. When they are in the middle 
of thefe two contrary motions, that is, when they are neareft 
that place to which the fun's direct ray tends, there let him ftop; 
for then are the rays equally refined on both fides the prifm. 
In this pofture of this prifm, let him obferve the figure of the 
colours; and he mail find it not round,- ash« contends, but ob- 
long ; and fo much the more oblong as the angle of the prifm, 
comprehended by the refraaing planes, is bigger; and the wall, 
on which the colours are caft, more diftant from the prifm; the 
colours, Red, Yellow, Green, Blue, Purple, fucceeding in order, 
not from one fide of the figure to the other, as in Mr. Line j con- 
Vol. IV. Z* jcfture ' 
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je&ure, but from one end to the other ; and the length of the 
figure being not parallel, but tranfverfe to the axis of the prifm. 
After this manner I ufed to try the experiment ; and it will not 
fucceed well, if the day he not clear, and the prifm placed clofe to 
the hole; or fonear at leaft, that all the funs light, that comes 
from the hole* may pafs through the prifm alfo, fo as to appear in 
a round form, if intercepted by a paper immediately after it has 
paffed the prifm. 

When Mr. Line- has tried this, I could wifti he would proceed 
a little further, to try that which I called the eocperimentum cruris. 
For when he has tried them (which, by his denying them,, I 
know he has not done yet as they mould be tried) I prefume he: 
will reft fetisfied* 

Three or four days after you gave me a- fight ©f Mr. Line's fe- 
cond letter, I remember I thereupon mewed the firft of thefe two- 
experiments to that gentleman, whom you found with me when 
you gave me that vifit. And whilft I was (hewing it to him, J. 
H. a member of the Royal Society, came in^ and 1 mewed it 60 
him alfix And you may remember, that Jc- H. two or three 
years ago, in a letter read before the Royal Society, and tranfmit- 
ted to me, gave teftimony not only to. the experiments queftioned 
by Mr. Line, but to all thofe fet down in my firft letter abaut co- 
lours, as having tried them himfelf : and when you read Mr.. 
li/i^i letter at a meeting of the faid Society* and was pleafed to 
do me the favour to propound the experiment to be tmed in their 
prefence, R. H. fpoke of it to them as a thing, not to be queftion- 
ed. Rut if it have not yet beea tried, before them,- and any of 
them,, upon Mr.. Line's confidence, doubt of it; L promife, when 
I mall have the happiasfs to- be at any more of their affemblies,. 
upon; the leaft hint, to fh&w them the trial of it ^ and I hope I 
fliall not be troublefome, becaufe it may be tried* though not & 
. perfec*tly > euenr without darkeninga room* of the expense of any 
.more time than, naif a quaEter of an hour; although, if Mr. 
Zine perfift in his denial of it,, I could willi it might be tried fooner 
there,, than L mall have, an opportunity to be among them.. 
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I %ave returned you Mr. Line's letter. It eame to my hands" 
hut this week ; the gentleman by whom you fent it haying not. 
yet been at Cambridge, but tranfmitting it tome: from Oxf$rd. 

I had forne thoughts of writing a further difcourfe about co- 
lours to be read at one of your Affemblies; but find it yet againft 
the grain, to put pen to paper any more on that fubje<5t. j But 
however, I have one difcourfe by me of that {ubject, written 
when 1 fent my firft letters to you about colours, and of which I 
then gave you notice. This you may command, when you think 
it will be convenient, if the cuftom of reading weekly difcourfes 
Hill continue. In the mean while, I am, &c. 

X. 

To Mr. OLDENBURG. 

S i r, j«- ». » 6 '*v 

CONCERNING the experiment of the glafs and papers, 
ihould add thefe two to the former direaions. One, that the ^^nt of 
glafs be rubbed with a full handful of ftuff, which may cover etr,cuy ' 
and rub all the glafs at once : for thus its elearic virtue will be 
more eafily and vigoroufly excited, than if rubbed with a little 
only, doubled up but once or twice. This rubbing with the ftuff, 
1 fuppofe, rarities and diffufes the elearic effluvia from the glafs 
into the air; and the knocking or rubbing with the finger-ends 
putsthediffufed effluvia into irregular motions. The other thing 
I would note is, that the papers may perhaps be too lit-tie, as well 
as too great. Too fmall ones will be apter to ftick to the glafs or 
table. If the experiment be tried with a glafs three or four, 
inches broad, fet about \ of an inch from the table, and the pa- 
pers of a thin fort of paper cut into triangular pieces, the fides 
of thofe triangles may not unfitly be about the aoth or 25th part 
of an inch, more or lefs. It may be beft tried with bits of fe- 
veral fizes put in at once ; and if there be put m a piece or two 
of the wins- of a fly, thofe, I find, will move more eafily, though 
fcarce fo varioufly. Thefe and the former direaions oblervea, 
I cannot imagine how you mould mifs ; though I cannot promise 

Z z 2 



3S<t TH E O R Y O F 

all things will appear juftiy to you as they do to me, there being 
unaccountable circufmftances, which may make a difference. 
Reply to infi. I atn ©bliged 7 ta you, Sir, for your candour, ki acquainting 
Mr.H«ki. me with W^HoeJfs idnnUations. It is but a reafonable piece of 
juftice, ; I flibuld? have an opportunity to vindicate myfelf from 
what may be undeservedly' cait on me ; and therefore, fince you 
have been pleafed to be my reprefentative there, and I have no* 
means of knowing what is done btit by you, I hope yon will; 
continue that equitable ca-ndoti? ; though I think the prefent bu- 
iinefs of no great moment* as to me, not imagining that the Roy al* 
Society are to be impofed on in a thing fo plain, ©r that Mr. Hook. 
himfelf willperfift in a miftake, when he hears the difference 
ftated. The only thing I faid he could pretend taken from his 
hypothecs* was the difpofition of aether to vibrate; and yet 
whiJft he grafps at all, he is likely to- fall fliort of this too. That 
sethereal vibrations are light, is his ; but that aether may vibrate 
(which is all, I fuppofe) is to be had from. a higher fountain : for 
thatasther is a finer degree of air, and air a vibrating medium,, 
are old notions,, and< the principles I go upon. I -de-fire Mn HmM: 
t© fliew me, therefore, I fay not only the fum of the hypothetic 
I wrote, which is his infmuation, but onl-y part of it taken out; 
of his- Micrograpbia ; but then- 1- expect too, thatr he inftanee h* 
what is hi*own<* It is moft likely he will pretend, I had from 
Kim the application of vibrations to the folution of the pheno- 
mena of thin plates-: and yet all. the uft I make of vibrations,* 
is, to ftrehgthen or weaken the reflecting power of the sethereal. 
fuperfictes ; w-hich is fo far from being in his Mierograpbia, that 
the laft faring, when I told him of the reflecting power of the 
aethereal fuperfkies, he took if for a new notion ; having till tnen 
fuppofed light-to be reflected by the parts of gpofs bodies. To 
me things that he has from Bps Cartes-^ pray add this, that the. 
parts'- of foM bodies have w vibrating motitoij kaft he fliould fay 
I had from him what I fay about heat. And his having from' 
Des Cartes the reduction of r>R colours fo two, j you may,, if need, 
be, explain further for me thus-. That as B&s Carm puts every 
globulus to be urged forward on one fide by the illuminated me- 
dium, and impeded on the other by the dark, one \, fo Mr. Hock 

puts- 
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puts every vibration to be promoted at one end, and retarded at 
the other by thofe mediums ; and thence both alike derive two 
modifications of light, on the two fides of the refracted beam, for 
the production of all colours* 

By Mr. Gafcoin's letter, one might fufpedt that Mr. Linus tried ^flS' 
the experiment fome other way than I did ' r and therefore I fhall proper m«. 
expect, till his friends have tried it according to ray late difcove- <he prifm, 'n 
ries : in which trial it may poffibly be a further guidance to meruit t0 Mr * 
to acquakit them, that the prifm cafts from it feveral images* 
One is that oblong, one of colours which I mean, and this is made 
by two refractions only. Another there is, made by two refrac- 
tions and an intervening reflexion^ and this is round and colour- 
lefs, if the angles of the prifm be exactly equal ; but if the an- 
gles at the reflecting bale be not equal, it will be coloured ; and 
that fo much the more, by how much unequaller the angles are ; 
but yet. not much unround y unlefs the angles be very unequal.- 
A third image there is made by one fimple reflexion ; and this is- 
always round and eolourlefs. The only danger is in miftaking, 
the fecond for the firit. But they are difagreeable not only by 
the length and lively colours of the firny.but by its different mo- 
tion too : for whilft the prifm is turned continually the fame way 
about its axis,, the fecond and third move fwiftly, and go always 
on the fame way till they difappear ; but the firff moves flow; 
and grows continually flower^ till it. be llationary ; and then turns 
back again, and goes back fafter and fafter, till it vanifh in the 
place where, it began to appear. If without darkening their 
roqrn r . they hold the prifm , at, t^eir window in the fun's- open- 
light ; in fuch. a pofture,, that its axis be perpendicular to the fun- 
beams ; and then turn it about its axis, they cannot mils of 
feeing the firfl image :- which having found, ■ they, may double 
up a paper once of twice, and make a round hole in the middle 
of it about 4 or f of an inch; broad, and hold the paper imme- 
diately before the prifm, that the fun may mine on the prifm 
through that hole;, and, the prifm being flayed and held ftea- 
dy, in that pofture which makes the image iVationary; if the 
image then fail directly on an oppofite wall, or on a meet of 
JR)cr placed, at the." wall,, fuppofe J 5 or 20 foot from the. prifm, 
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or further off, they will fee that image in fuch an oblong fi- 
gure as I have defcribed, with the Red at one end, the Violet 
at the other, and a blueifh Green in the middle ; and if they 
obfcure their room as much as they can by drawing curtains or 
otherwife, it will make the colours the more confpicuous. 

This dire&ion 1 have fet down, that no body, into whofe hands 
a prifm ihall happen, may find difficulty or trouble in trying it. 
But when Mr. Linus' s friends have tried it thus, they may pro- 
ceed to repeat it in a dark room, with a lefs hole made in their 
window-flint. And then I fhall defire, that they will fend you a 
full and clear defcription how they tried it, exprefling the length, 
breadth, and angles of the prifm; its pofition to the incident 
rays, and to the window-fliut; the bignefs of the hole in that 
mut, through which the fun mined on their prifm ; what fide of 
the prifm the fun fliined on; and at what fide the light came 
out of it again ; the diftance of the prifm from the oppofite pa- 
per or wall, on which the refracted light was caft perpendicular- 
ly ; and the length, breadth, and figure of the fpace there illu- 
: minated by that light ; and the fituation of each colour within 

that figure: and if they pleafe to Hiuftrate their defcription with 
a fcheme or two, it will make the bufinefs plainer. By this 
means, if there be any difference in our way of experimenting, 
I mail be the better enabled to difcerrt it, and give them notice 
where the failure is, and how to rectify it. I ihould be glad too, 
if they would favour me with a defcription of the experiment, 
as it has been hitherto tried by Mr. Linus ; that I may have an 
opportunity to con-fider, what there is in that which makes again!* 
me. And becaufe Mr. Gafcoin feems to fufpec*t, that my direc- 
tions, fent Mi'. Linus, differ from what I have printed; I defire 
alfo that he would fignify wherein he thinks they may differ, 
fo as to need •reconciling. Fuller they are, but not different, nor 
any other than I have followed above thefe feven years. 
Hiftoryofthe As formy fufpicion,*hat Mr. Linus might poffibly relyon old ex- 
Jrjr! Line. 1 periments', his quoting Sir Kenelm Dig&y for a by-ftander, might 
have made any other ftranger to his way, as well as me, fufpecl it. 
But I wonder moft at Mr. Gafcoin } s infinuation, as if I influenced 
the prefs in what concerns Mr. Linus and me. You know, Sir, 

I never 
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I never fpoke or hinted a fy liable to you, concerning printing or 
not printing any thing of Mr. Linus ; nor fo much as knew of 
the printing his firft: letter, till it was out in the Tranfactions. 
When you fent it to me, I, out of a great defire to avoid contro- 
verfies (which, as you know, I had entertained long before) wrote 
back to you, that I had no mind to meddle with it : but, as I 
was ready to feal that letter, I added a poftfcript to this purpofe : 
That feeing Mr. Linus was defigning fomething about light for 
the prefs, to prevent publifhing his miftake, you might, if you 
thought fit, fignify to him (but not from me) that the experiment 
was tried otherwife than he fuggefted; and that in fuch and fuch 
refpeas, which I there named. And the fubftance of this poft- 
fcript was that you publifhed at the end of his firft letter, on 
which Mr. Gafcoin here animadverts ; but was fo far from being, 
defigned for the prefs by me, that the firft fight of it, together 
with his letter in the Tranfaaions, made me fay to one, that I 
wilhed they had been fuppreffed ; for I doubted the printing them 
would make Mr. Linus unquiet, and fo in the end create me trou- 
ble. As for his fccond letter which, you. fhewed me at London, 
I returned it agaki to you fo foon as I had read it, and never faw 
it fince, perfifting in my defire to avoid the controverfy. And 
at my returning it, you moved me for an anfwer, with this argu- 
ment, that if I waved it, Mr. Linus was like to make the more 
ftir : to which I replied, that the bufinefs, being about matter of 
faa, was not proper to be decided by writing, but by trying it 
before competent witnefles. Whereupon, at your motion, 1 told 
you what was requifite ; and by your procurements, preparations 
were accordingly made for its- trial at the next aflembl.y of the 
Royal Society* as I underftood by Mr. Hook : but the day proved 
cloudy, and before another affembly I returned to Cambridge,. 
and from that time never enquired after nor regarded the matter 
further,, till you fent me Mr. Linus 9 *- third letter. This is the 
hiftory of Mr. Unids bufinefs, fo far as. I know it: winch I 
have fet down> that his friends may fee he has not bean dealt 
with obliquely, as they feem to apprehend. All, I- think, that 
they can objea to you is, that you were at a ftandj becaufe you 
could not engage me in the controverfy ; and to me,,thatl had ru* 



T H E O H T O F 

mind to be engaged : a liberty every body has a right to, and 
may gladly make ufe of fometimes at leaft, and efpecially if he 
want leifure, or meet with prejudice -or groundlefs infinuations. 
But I hope to find none of this in Mr. Gafcoin. The handfome 
genius of his prefent letter, makes me hope it for the future, 
In the mean time I defire with him, that you would publifh Mr. 
Limifs letters as foon as you can conveniently, to prevent further 
Biifapprehenfions. I am, Sec. 

.XI. 

To Mr, OLD E N B U R G. 

S Cambridge, 
IR) • Feb. 29, 167; 

BY reading Mr. Lintts's letter, when you fliewed it to me at 
London, I retained only a general remembrance^ that Mr. Linus 
denied what I affirmed, and fo could fay nothing in particular to 
it. But having the opportunity to read it again in Numb. cxxi. 
of the Tranfactions, I perceive he would perfuade you, that the 
information you gave him about the experiment is as inconfiftent 
with my printed letters, as with experience. And therefore, left 
any, who have not read thofe letters, mould take my filence in this 
point for an acknowledgment, I thought it not amifs to fend you 
fomething in anfwer to this alfo. 

He tells you, that " whereas you afture him, Firft, that the 
" experiment was made in clear days ; fecondly, that the prifm 
u was placed clofe to the hole, fo that the light had no room to 
" diverge ; and, thirdly, that the image was not parallel, but 
*< tranfverfe to the axis of the prifm: if thefe aflertions be com- 
* l pared with my relation of the experiment in the Phil. Tranf. 
" Numb. lxxx. p, 3076. it will evidently appear they cannot be 
*« admitted, as being direftly contrary to what is there delivered." 
His reafons are thefe : 

Firft, that I faid the ends of the long image feemed femicir- 
cular, which, fays he, c: never happens in any of the three cafes 
u above-faid." But this is not to fet me at odds' with myfelf, but 
with the experiment. For it is there defcribed to happen in them 

all; 
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all ; and I ftili fay it doth happen in them. Let others try the 
experiment, and judge. 

Further he fays, that the prifm is placed at a diftanee from the 
hole in the fcheme of the experiment in Numb, lxxxiv. p. 
409 1 ( a )» But what if it were fo there? For that is the fcheme of 
a demonftration, not of the experiment ; and would have ferved 
for the demonftration, had the diftanee been put twenty times 
greater than it is. In the fchemes of the experiment, Numb. lxxx. 
p, 3o86( b ), and Numb, lxxxih. p. 40 &I ( C )* k is reprefented 
clofe, and clofe enough the fcheme, Numb. Lxxxm.p. 4061 ( c ). 
But Mr. Linus thought fit to wink at thofe, and pitch upon the 
fcheme of a demonftration; and fueh a fcheme too, as hath no 
hole at all reprefented in it. For the fcheme, Numb, lxxxiv, p, 
4091, is this( a ). In which the rays are not fofar diftant from one 
another at G a L ; but that the hole, had I exprefied -it,- mdghf 
have been put there, and yet have comprehended them. But if 
we ftiould put the hole at x, their decuflation, yet it will not be 
any thing to his purpofe ; the diftanee xo, or xh fee«*g > ut ^out 
half the breadth of a fide of the prifm Q w>; which I conceive 
is not a twentieth part of the diftanee require in his conjeaure. 

Thirdly, he fays, that « more might be faid out of my rela- 
u tion to Ihew, that the image was not tranfverfe ; for if it had 
" been tranfverfe, I could not have been furprized (as I faid I 
" was) to fee the length thereof fo much exceed the breadth ; it 
<' being a thing fo obvious and eafy to be explicated by the ordi- 
« nary rules of refraaion." But, on the contrary, it may rather 
be faid, that if the image had been parallel, I could not have 
been furprized to fee the length thereof fo much exceed the 
breadth, it being a thing fo extremely obvious, as not to need 
any explication. For who, that had but common fenfe, and faw 
the whole prifm, or a good part of it illuminated, could not ex- 
pea that the light ihould have the fame long figure upon the 
wall, that it had when it came out of the prifm ? Mr. Lmus, 
therefore, while he would ftrengthen his argument, by repreient- 
ing me well Ikilled in optics, does but overthrow it. But .where 
fce fays, " I could not have been furprized at the length, had tne 
« image been tranfverfe, it being a thing fo obvious .and I eaiy to 

C) See p. 3 o8 f lio. ao, ( k ) See p. 3 <*> 3«- U sce p * 3 * it he 
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w be explicated by the ordinary rules of refraction* Let any 
man take the experiment entire, as I have there delivered it, 
that is with this condition, that the refractions on both lides the 
prifm were equal, and try if he can reconcile it with The ordinary 
rules of refraction. On the contrary, he may find the impofii- 
bility of fuch a reconciliation demonftrated, in my anfwer to P. 
Pardies. Num. lxxxiv. p. 4091 ( a ). 

In the laft place he objects, that my faying, in Num. lxxx. p^ 
3077 ( b ), that the incident refractions were, in the experiment, 
equal to the emergent, proves again that the long image was pa* 
rallel. And yet that very faying is a fuflicient argument that I meant 
the contrary ; becaufe it becomes wholly impertinent, if applied 
to a parallel image; but in the other cafe is a very neceffary cir- 
cumftanee. What is added, therefore, of P. Pardies, might have 
been fpared ; especially fince that learned perfon underftood my 
difcourfe to be meaat^f a tranfverfe image, and acquiefced in 
my anfwers. . » • 

This in anfwer' to Mr. Linus' *s letter. And now to take away 
the like fufpicion from his friends, if my declaration of my mean- 
ing fatisfy not ; I mall note fbme further paffages in my letters,., 
whereby they may fee how I was to be underftood from the be^ 
ginning, as to theaforefaid circumftances. 

For the day ; I exprefs every where that the experiment was 
tried in the fun's light; and in Num. lxxx. p. 3077 ( c ), that the 
breadth of the image by meafure anfwered to the fun's diameter. 
But becaufe it is pretended I was impofed upon ; I would a/k, 
what the experiment, as it is advanced to that which I called the 
experiment-urn cruets, can have to do with a cloudy day. For if 
the experimentum cruris, which is that which I depend on, can 
have nothing to do with a cloudy day, then it is to no purpofe to 
talk of a cloudy day in the firft experiment, which does but lead 
on to that. But if this fatisfy not, let the Tranfa&ions, in Num. 
lxxxiii. p. 4060, be confultedC). For there I tell you, how, 
by applying a lens to the prifm, the ftreight edges of the oblong 
image became diftincter than they would have been without the 
lens t a circumftance which cannot happen in Mr. Linus's cafe of 
a bright cloud. 

(') Seep. 308. (") See p. 297. (<) Seep. 397, Hp< 4 and J. ft See p. 311, lin. *5 — *7- 
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For the pofition of the prifm ; I tell you, Num. lxxx. p. 

3076 (*)> tnat it was placed at the fun's entrance into the chamber: 
and in page 308 5 ( b ), I bad to make a hole in the fhut, and there 
place the prifm: and in the next page I fay again, that the 
prifm abc Is to be fet clofe by the hole f of the window eg ; 
and accordingly reprefent it clofe in the figure. Alfo in page 

3077 ( c ) I tell you, that the diftance of the image from the hole, 
er prifm, was 11 feet : which is as much as to fay, that the 
prifm, fuppofe that fide of it next the hole, was as far from the 
image as the hole itfelf was ; and confequently that the prifm 
and the hole were contiguous. Alfo in p. 307 8 ( d ), where inftead 
of the window-ftiut I made ufe of a hole in a loofe board, I tell 
you exprefsly, that I placed the board behind the prifm. All 
thefe paflages are in my very firft letter about colours. And 
who, therefore, would imagine, that any one, that had read that 
letter, mould fo much as fufpea, that I placed the prifm, I fay 
not at fo great a diftance as Mr. Linus fuppofes, but at any dif- 
tance worth confidering. 

Laftly, for the pofition of the image, it is reprefented tranfverfe 
to the axis of the prifm in the figures Num. lxxx. p. 3086 ( e ), 
Num. lxxxiii. p. 4061 ( f ), and Num. lxxxv. p. 5°i6(*). And 
in Num. lxxxviii. p. 5093 ( h ), where I made ufe of two crofs 
prifms, I tell you exprefsly, that the image was crofs to both of 
them, at an angle of 45 degrees. The calculation alfo, Num. 
lxxx. p. 3077 0, are not to be underftood without fuppofmg 
the image crofs. Nor are mv notions about different refrangibility 
otherwife intelligible. For in Mr. -linttff fuppdfition, the rays 
that go to the two ends of the image are equally refra&ed. So 
for colours: The Red, according to my defcription, falls at one 
end of the image; and the Blue, at the other; which cannot 
happen but in a tranfverfe image. The fame pofition is^ alfo de- 
monftrable from what I faid in Num. lxxx. P..3076 ( J, a t bout 
turning the long image into a round one, by the contrary re- 
fra&ionof a fecond prifm, further explained in Num. lxxxiii. 
p. 4061 ('). For this is not to be done in Mr. Ltnufs furmile 

C See p. lin. 18. (•) See p. 306, Kb. 30. (') Seep. S «». > £ 

h See p. 330, lin. ,9. ()Seep.^. (') See p. * 9 6, lm. 2 o. {) S«p.3ia. 
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of a parallel image ; and therefore had Mr. JJmt eoafideeed Ir r 
he could never have run into that furmife. 

This I fuppofe is enough to manifeft the three particulars i 
any one of which, being evidenced, is fufficient to take away the 
fcruple. And therefore Mr. Linufs friends need not fear, but 
that the further directions I fent them lately for trying the expe- 
riment, are the fame with thole I have followed from the begin- 
ning; nor trouble themfelves about any thing but to try the ex- 
periment right. But yet, becaufe Mr, Get/coin has been pleafed 
to infinuate his fufpicion, that I do differ from himfelf in thofe 
directions ; I mall not fcruple here to reduce them into particu- 
lars, and ftiew where each particular is to be found. 

Firft,then,he is to get a prifm with an angle about 60 or 65 
grees (Num.LXXX. p. 3077 ("), and p. 3086 ( b ). If the angle be 
about 63 degrees^ as that was which I made utfe of (Num. lxxx. 
P* 3°77 C)>) he will find all things fucceed exactly as I defcribed 
them there. But if it be bigger or lefs, as 3a, 40, 50, or 70 
degrees, the refraction will be accordingly bigger or lefs; and 
confequently the image longer or flaorter. If his prifin be pretty 
nearly equilateral, fuch. as I fuppofe are ufuaJly fold in other 
places as well as in England, he may make ufe of the biggeft 
angle. But he muft be fure to placs the prifm fo, that the refrac- 
tion be made by the two planes which comprehend this angle. 
I could aimoft fufpe&, by confideringfpme.^umftanjces in Mr. 
Linus* s letter, that his error was in this point ; Jhe expecting the 
image mould become at long by a little refraction* as by a great 
one; which yet being too grofs an error to.be fufpected of any 
optician, I fay nothing of it; but ooly hint this to Mr. Ga/coin t 
that he may examine all things. . 

Secondly, having fuch a prifm, he muft place it fo, that the 
axis be perpendicular to the rays (Num. LXXXiv. p. 4091, lin* 
1 8 > 1 9 O ) A httle error in this point makes no fenfible varia- 
tion of the effect. 

Thirdly, the prifm muft be fo placed, that the refractions on 
both fides be equal (Num. lxxx. p. 3077 ( d ),) which fliew it was 

55 P* 2 9*, Hn. 33. (*) Sw p. 306, lin, u ( c ) See p. 308, litu k— 

( ) See p. 2^6, Iia. 33— jj. 
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to be readily done, by turning it about its axis, and flaying it when 
you let the image reft between two contrary motions, as 1 explain- 
ed in my late defcriptions, fo I hinted before (Num. lxxx. p. 
3077, lin. 34, 35, 36C).) If there mould be an error in this 
point aifo, it' can do no hurt. 

Fourthly, the diameter of the hole I put ^of an inch (Num. 
IX XX-. p. 3077 ( b ),) and placed the prifm clofe to it, even fo clofe 
as to be contiguous (Num. lxxx. p. 3077, lin. 4, s( c ).> But yet 
there needs no curiofity in thefe circumftances. The hole may 
be of any other bignefs, and the prifm at a diftance from the 
hole ; provided things be fo ordered, that the light appear of a 
round form, if intercepted perpendicularly at its coming out of 
the prifm. Nor needs there any curiofity in the day. The 
clearer it is, the better ; but if it be a little cloudy, that cannot 
much prejudice the experiment, fo the fun do but fhine diftin£ly 
through the cloud. 

Thefe things being thus ordered, if the refraaed light fall 
perpendicularly on a wall or paper, at ao feet or more from the 
prifm; it will appear in an oblong form, crofs to the axis of the 
prifm, Red at one end, and Violet at the other; the length five 
times the breadth, more or lefs, according to the quantity of the 
refraction; the fides, ftreight lines parallel to one another; and 
the ends confufed, but yet feeming femicircular. 

I hope, therefore, Mr. friends will not entertain them- 

felves any further about incongruous furmifes, but try the expe- 
riment, as Mr. Gafcoin has promifed. And then, fince Mr. Gaf~ 
coin tells you, that " the experiment being of itfelf extraordina- 
" ry and furprizing, and befides uihering in new principles into* 
" optics, quite contrarv to the common and received ; it will be 
" hard to perfuade it at a truth, till it made fo vifible to all, as it 
« were a fhame to deny it if he efteem it fo extraordinary, he 
may have the privilege of making it fo vifible to all, that it will 
be a fhame to deny it. For I dare fay, after his teftimony, no- 
body elfe will fcruple it. And I make no queftion but he will 
hit of it, it being fo plain and eafy, that I am very much at a 
lots to imagine what way Mr. Linus took to mifs. 

(') Seep. 29 7, C) See P« 2 * b * lin ' * 9 ' C) ^ P ' ^ XEL 
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XII. 

To Mr, OLDENBURG, 

Sir, 

THE things oppofed by Mr. Line being upon trials found true 
and granted me, I begin with the new queftion about the pro- 
portion of the length of the image to its breadth. I call it a new 
one. For though Mr. Line in his laft letter fpake againft fo great 
a length, as I aflign ; yet, as it feems to me, it was not to grant 
any tranfverfe length Ihorter than that afligned by me (for in his 
firft letter he absolutely denied that there would be any fuch 
length) but to lay the greater emphafis upon his difcourfe, whilft 
in defence of common optics, he was difputing in general againflr 
a tranfverfe image. And therefore, in my anfwer, I did not pre- 
fcribe the juft quantity of the refracting angle, with which I 
would have the experiment repeated : which would have been a 
neceflary circumftance, had the difpute been about the juft pro-, 
portion of the length to the breadth. Yet I added * this note, 
* in my firft letter in phii. that the bigger the angle of the prifm is, the 
Tranf. Num. cxxi.p. 5 oo. g reater w m }>q the length in proportion to the 

breadth ( a ) ; not imagining, but that when he had found in any 
prifm the length of the image tranfverfe to the axis, he would ea- 
iily thence conclude, that a prifm with a greater angle would make 
the image longer ; and confequently, that by uling an angle 
great enough, he might bring it to equal, or exceed the length 
afligned by me ; as indeed he might : for, by taking an angle 
•of 70 or 75 degrees, or a little greater, he might have made the 
length not only five, but fix or eight times the breadth, or more. 
No wonder, therefore, that Mr. Lucas found the image Ihorter 
than I did, feeing he tried the experiment with a lefs angle. 

The angle, indeed, which I ufed was but about 63 deg. i» 
min. and his is fet to 60 degrees ; the difference of which from 
mine being but 3 deg. 1 2 min. is too little to reconcile us ; but 
yet it will bring us confiderably nearer together. And if this an- 
gle was not exa&ly meafured, but the round number of 60 de- 
grees fet down by guefs, or by a lefs accurate mealure (as I fuf-_ 

(') Seep. 353, lin. 30, 3 1 
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pec"! by the conje&ural meafure of the refraction of his prifm, 
try the ratio of the fines as. 2 to 3, fet down at the fame time, 
inftead of an experimental one), then might it be 2 or 3 degrees- 
lefs than 60 deg. if not ftill lefs : and all this, if it mould be fo f 
would take away the greateft part of the difference between us. 

But however it be, I am well aflured my own obfervation 
was exact enough. For I have repeated it divers times fince the 
receipt of Mr. Lucafs letter, and that without any confiderable 
difference of my obfervations, either from one another, or from, 
what I wrote before : and that it might appear experimentally,, 
how the ihcreafe of the angle increafes the length of the image,, 
and alfo that nobody, who has a mind to try the experiment ex- 
a&ly, might be troubled to procure a prifm which has an angle 
juft of the bignefs afligned by me, I tried the experiment with 
divers angles, and have fet down my trials in the following Ta- 
ble ; where the firft column exprefles the angles of two prifms 
, which 1 ufed, which are meafured* as exatfly as I could, by ap- 
plying them to the angle of a fedor ; and the fecond column ex- 
prefles, in inches, the length of the image made by each of thofe- 
angles ; its breadth being two inches, its diftance from the prifm> 
18 feet and 4 inches, and the breadth of the hole in the window- 
fhut \ of an inch. 

Angles. Lengths. Angle,. ^ Length,. 



r 5 b» 10' 

The firft' p»ifm Ho 24 
[63 26 



7t 
10 ' 



(5-4° 0 

The fecond prifm < 62 12 



7i 
10I 



.63 «s 

You may perceive, that the length of the images, in refpea'; 
ef the angles that made them, are fomething greater in the fe- 
cond prifm than in the firft ; but that was becaufe the glafs, ot, 
which the fecond prifm was made,, had. the greater, refractive. 

power. r_ 

The days in which I made thefe trials were pretty clear, but 
notfo clear as I defired ; and therefore,, afterwards meeting with, 
a day as clear as I defired, I repeated the experiment with the le- 
cond prifm, and found the lengths of the image made by its ie- 
veral-angles, to be about 1 of an inch greater than before ; tne 
meafures being thofe fet down in the Table. ^ 
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12 


10 


.63 


48 


11 



Hie fecond prifm 



the reafon of this difference, I apprehend, was, that in the 
cleareft days the light of the white Ikies, which dilutes and ren- 
ders invifible the fainteft colours at the ends of the image, is a 
little diminilhed in a clear day, and fo gives leave to the colours 
to appear to a great length ; the fun's light at the fame time be- 
coming brifker, and fo ftrengthening the colours, and making 
the faint ones at the two ends more confpicuous : for I have ob- 
served, that in days fomething cloudy, whilft the prifm has flood 
unmoved at the window, the image would grow a little longer or 
a little ftiorter, accordingly as the fun was more or lefs obfcured 
by thin clouds, which pafled over it ; the image being fhorteft 
while the cloud was brighteft, and the fun's light faintell. Whence 
it is eafy to apprehend, that if the light of the clouds could be 
quite taken away, fo that the fun might appear furrounded with 
darknefs, or if the fun's light were much ftronger than it is, the 
colours would ftill appear to a greater length. . 

In all thefe obfervations the breadth of the image was juft two 
inches. But obferving that the fides of the two prifms I ufed 
were not exaftly plain, but a little convex (the convexity being 
about fo much as that of a double convex-glafs of a fixteen or 
eighteen-foot telefcope) I took a third prifm, whofe fides were 
as much concave as thofe of the other were convex : and this 
made the breadth of the image to be two inches and a third part 
of an inch ; the angles of this prifm, and the lengths of the 
image made by each of thofe angles, being thofe exprefled ia 
this Table. 



Angle*. 

59* 

62! 



Lengths. 

9 



In this cafe you fee the concave figure of the fides of the 
prifm by making the rays diverge a little, caufes the breadth of 
5 the 
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the image to be greater in proportion to its length than it would 
be otherwife. And this I thought fit to give you notice of, that 
Mr. Lucas may examine, whether his prifm hath not this fault. 
If a prifm may be had with fides exactly plain, it may do well to 
try the experiment with that ; but it is better if the fides be 
about fo much convex as thofe of mine are, becaufe the image 
will thereby become much better defined : for this convexity of 
the fides does the fame effea, as if you fhould ufe a prifm with 
fides exaaiy plain, and between it and the hole in the window- 
ihut, place an objedt-glafs of an 18 foot telefcope, to make the 
round image of the fun appear diftinaiy defined on the wall, when 
the prifm is taken away, and confequently the long image made 
by the prifm to be much more diftinaiy defined, efpecially at its 
itreight fides, than it would be otherwife. 

One thing more I fiiall add: That the utmoft length of the 
image, from the fainteft Red at one end, to the fainteft Blue at 
the other, muft be meafured. For in my firft letter about co- 
lours, where I fet down the length to be five times the breadth, 
I called that length the utmoft length of the image ; and I mea- 
fured the utmoft length, becaufe I account all that length to be 
caufed by the immediate light of the fun ; feeing the colours, as 
I noted above, become vifible to the greateft length in the cleareft 
days, that is, when the light of the fun tranfeends moft the light 
of the clouds. Sometimes there will happen to fhoot out from 
both ends of the image a glaring light a good way beyond thefe 
colours; but this is not to be regarded, as not appertaining to the 
image. If the meafures be taken right, the whole length wiH 
•exceed the length of the ftreight fides by about the breadth of 

the image. . r 

By thefe things fet down thus circumftantially, I prefume Mr, 
Lucas will be enabled to accord his trials of the experiment with 
mine ; fo nearly at leaft, that there mall not remain any very 
confiderable difference between us. For if fome tattle difference 
mould ftill remain, that need not trouble us any further, fee.n 
there may be many various circumftances which may conduc , to 
it; fuchasave not only the different figures of P rfms > ^£ f ° 
fee different refraflive power of glaffes, the ddbmt diameters 
Vol. IV. B b b 
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of the fun at divers times of the year, and the little errors that 
may happen in meafuring lines and angles, or in placing the prifm- 
at the window ; though, for my part, I took care to do thefe 
things as exactly as- 1 could. However, Mr. Lucas may make 
fure to find the image as long or longer than I have fef down, it- 
he take a prifm whofe fides are not hollow ground, - but plain, or 
(which is better) a very little convex, and whofe refracting angle 
is as much greater than that I ufed, as that he hath hitherto tried 
it with is lefsf that k, whofe angle is* about 66 or 67 "degrees,., 
or, if he will, a little greater. 

Concerning Mr, Lucas's other experiments, 1 am much obliged 
to him that he would take thefe things fo far into confideration, 
and be at fo much' pains for examining them and I thank him 
fo much the more, becaufe he is the firft that hath fent me an 
experimental examination ©f them. But yet it will conduce to 
his more fpeedy and full fatisfaction, if he a little change the 
method which he has propounded, and,, inftead of a multitude 
of things, try only the Experimentum Cruris : for it is not num- 
ber of experiments, but weight to be regarded ; and where one 
will do, what need many ? Had. I thought more requiiite, I 
could have added more. For before I wrote my firft letter- to 
you about colours; I had then taken much pains in trying eX" 
periments about them, and written a tractate on that fnbjecT: ;, 
wherein I had fet down at large the principal of the experiments 
I had tried: amongft which there happened to be the principal 
of thofe experiments which Mr. Lucas has now lent me. Anti 
as for the experiments fet down in my firft letter to you, they 
were only fuch as I thought convenient to felect out of that 
tr achate. 

But fuppofe thofe had been my whole ftore ; yet Mr. Lucas 
fhould not have grounded his difcourfe upon a fuppofition of any 
want of experiment, till he had examined thofe few. For if 
any of thofe be demonftrative, they will need no afliftants, nor 
leave room for further difputing about what they demonftrate. 

The main thing he goes about to examine is, the different re- 
frangibilityof Light; and this I demonftratedby the Experimentum 
Cruris. Naw if this demonstration be good, there needs no fur- 
ther 
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ther examination of the thing ; if not good, the fault of it is to 
be fliewn : for the only way to examine a demonftrated propofi- 
tion is to examine the demonftration. Let that experiment there- 
fore be determined in the firft place, and that which it proves be 
acknowledged ; and then, if Mr. Lucas wants my alfiftance to 
unfold the difficulties which he fancies to be in the experiments 
he has propounded, he mail freely have k. At prefent I fhall 
fay nothing in anfwerto his experimental difcourfe, but this* in 
general; That it has proceeded partly from fome mifunderftand- 
ing of what he writes againft, and partly for want of due cau- 
tion in trying experiments ; and that aroongft his experiments, 
there is one, which, when duly tried, is, next to the Experi- 
mentum Cruris, the moft confpicuous experiment, I know, for 
proving the different refrangibility of light, which he brings it 
to prove againft. 

By the poftfeript of Mr. Lucas's letter, one not acquainted 
with what has paflecl, might think that he quotes the obfervation 
of the Royal Society againft me ; whereas the relation of their 
obfervation, which you fent to Liege, contained nothing at all 
about the juft proportion of the length of the image to its breadth 
according to the angle of the prifm, nor any thing more (fo far 
as 1 can perceive by your laft) than what was pertinent to the 
things then in difpute, viz, that they found them fucceed as I 
had affirmed. And therefore, fince Mr. Lucas has found the 
fame fuccefs, I fuppofe, that when he exprelfeth, That be much 
rejoiced to fee the trials of the R. Society agree fo exaclly with bis, 
he meant only fo far as his agreed with mine. 

And becaufe 1 am again upon this firft experiment, I fhall de- 
fire that Mr. Lucas will repeat it with all the exactnefs and cau- 
tion that may be, regard being had to the information about it, 
fet down in this letter. And then 1 defire to have the length and 
breadth of the image, with its diftance from the prifm, fet down 
•exaclly in feet and inches, and parts of an inch ; that 1 may 
have an opportunity to confider what relation its length and 
hreadth.have to the fun's diameter. For I know that Mr. Lucas" 
obfervation cannot hold, where the refrading angle of the prifm 
is full 60 degrees, and the day is clear, and the full length of the 
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colours is meafured, and the breadth of the image amVers to the 
fan's diameter. And feeing; I am well aflured of the truth and 
exadtnefs of my own obfervations, I mall be unwilling to be di- 
verted by any other e^eidments, to have a fair end made of this 
in the firft place. 

P..S-. I had like to have forgotten to advife, that the Expe~ 
rimentum Cruets, and iuch others as mail be made for know- 
ing the nature of colours*- be made with prifms that refract fo 
much,, as to make the length of the image five times its 
breadth, and rather more than left ; for otherwife, experi- 
ments will not faceted fo plainly with others, as they have 
done with me; 
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Bee 9, 167;^- 

TIIE company taking particular notice, among other things,, 
of an experiment mentioned in this hypothefis, defired it 
might be triedj viz. That having: laid » upon a table a round 
piece of glafs, about two inches broad^ in a' brafs ring, fo that the 
glafs might be about one-third of ' an inch from the table, and 
the air between them^nclofed' on* all* fides after the manner as if 
he had whelved a little fieve upon the table: and then rubbing 
the glafs brilkly, till feme little fragments of paper, laid on the 
table under the glafs, began' to be attracted, and move nimbly 
to and fro; after he had done/ubbing the glafs, the papers 
would continue a pretty while in various- motions ; fometimes 
leaping up to the glafs, and refting there a-whiie; then leaping 
down and* refting there, and then leaping up and down again : 
and this fometimes in lines feeming perpendicular to the table, 
Ibmetiraes in oblique ones ; fometimes alfo leaping up in one 
arch, and down in another, divers times- together^ without fenfible 
reilin^ between ; fometimes fkip in a bow from one part of the 
glafs to another, without touching the table ; and fometimes 
bang by a corner, and turn often about very nimbly, as if they 
bad been carried about in the midtt of a whirldwind ; and be 
otherwife varioufly moved, every paper with a divers motion. 
And upon Aiding his finger on the upper fide of the glafs, though 
neither the glafs" nor inclofed air below were moved thereby, yet 
would the papers, as they hung under the glafs, receive fome new 

motion,,- 
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motion, inclining this or that way, according as he movedHis 
finger. 

The experiment he prepofes to be varied with a larger glafs 
placed further from the table, and to make ufe of bits of leaf- 
gold inftead of papers, efteeming that this will fucceed much 
better, fo as perhaps to make the gold rife and fall in fpiral lines, 
or whirl for a time in the air, without touching the table of .glafs. 

Ordered, That this experiment be tried the next meeting. 

ir. 

To Mr. O <L D E N B U R G. 

Cambridge, 

SIR, Dec. 14, 

T HE notice you gave me of the Royal Society's intending to 
fee the experiment of glafs rubbed, to caufe various motions ia 
bits of paper underneath, put me upon recolledtmg myfelf a 
little further ahoutit. And then remembering, that if one edge 
,of the brafs hoop was laid downward, the glafs was as near again 
to the table, as it was when the other edge was laid downward; 
and that the papers -played beft when the glafs was neareft to the 
table,; I began tofufpect, that I had fet down a greater diftance 
.of the glafs from the table, than I mould have done. For in fet- 
ting down that experiment, i tmifted to the idea I had of the 
bignefs of the hoop.; in which I might eafily be miftaken, hav- 
ing not feen it of a long time. And this fufpicion was increaied 
by trying the experiment with an objecTi-glafs of a telefcope placed 
about the third part of an inch from the table. For I could not 
fee the papers play any tiling near fo well, as I had feen them 
formerly. Whereupon I looked for the old hoop with its glafs4 
and at length found'the hoop, the glafs beiag gone. But by the 
hoop I perceived, that when .one edge was turned down, the 
glafs was almoft the:third part^of an inch from the table: an 
when the other edge was down, which made the papers play 0 
well, -the glafs was fcarqe the eighth part of an inch from t e 
table. This I thought fit -to fignify to you, that if the experi- 
ment fucceed not well.at the ,diftarice liet down.; it may be toe 
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at a lels diftance, and that you may alter my paper, and write in 
it an eighth part of an inch, inftead of { or } of an inch. The 
bits of paper ought to be very little, and of thin paper ; perhaps 
little bits of the wings of a fly, or other light fubftances, may 
do better than paper. Some of the motions, as that of hanging 
by a corner, and twirling about, and that of leaping from one 
part of the glafs to another without touching the table, happen 
but feldom ; but it made me take the more notice of them. 

Pray prefeht my humble fervice to Mr. Boyle when you fee 
him, and thanks for the favour of the converfe I had with him 
at Spring. My conceit at trepanning the common aether, as he 
was pleafed to exprefs it, makes me begin to have the better 
thoughts on, that he was pleafed to entertain it with a fmile. I 
am apt to think, that when he has a fett of experiments to try 
in his air-pump, he will make that one to fee how the compref- 
fion or relaxation of a mufcle will fhrink or fwell,foften or harden, 
lengthen or ftiorten it. 

As for regiftering the two difcourfes, you may do it ; only I 
defire you would fufpend till my next letter, in which I intend 
to fet down fomething to be altered, and fomething to be added 
in the hypothefis, being in the mean while, Sir, &c. 

III. 

Extraft from the Minutes of the ROYAL SOCIETY. 

Dec. 16, 1675- 

MR. NEWTON'S experiment of glafs rubbed to caufe various 
motions in bits of paper underneath was tried, butfucceeded not 
in thefe circumftances with which it was tried. This trial was 
made upon the reading of a letter of his dated the 14th of Dec. 
1675, *iCambridge y wherein he gives fome particular diredions 
about the experiment. 

Ordered, That the Secretary mould write again to the faid Mr. 
Newton, and acquaint him with the want of fuccefs of his expe- 
riment; and defire him^ that he would fend his. own apparatus 
Wherewith he had made it : as alfo to enquire whether he bad 
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fecured the papers, being moved by the air, that might fome- 
where ileal in. 



IV. 

To Mr. OLDENBURG. 

SlK, Dec. ii, i6 JS . 

UPON your letter^ I took another glafs, 4 inches broad and \ 
of an inch thick, of fuch glafs as telefcopes are made of ; and 
placed it a j part of an inch from the table. It was fet in fuch a 
piece of wood, as the object-glafies of telefcopes ufe to be fet : 
and the experiment fucceeded well. After the rubbing was full, 
and all was ftill, the motion of the papers would continue fome- 
times while I counted a hundred ; every paper leaping up about 
twenty times more or lefs, and down as often. : I tried it alfo 
with two other glafs that belong to a telefcope, and it fucceeded 
with both. And I make no queftion but any glaft will do, that 
fliall be excited to electric virtue ; as I think any may. If you 
have a mind to try any of thefe glafles, you may have them. But 
I fuppofe, if you cannot make it do in other glafsj you will fail in 
any I can fend you. I am apt to fufpecl the failure was in the 
manner of rubbing : for I have obferved, that the rubbing va- 
rioufly, or with various things, alters the cafe. At one time I 
rubbed the aforefaid great glafs with a napkin, twice as much as 
1 ufed to do with my gown, and nothing would ftir ; and yet 
prefehtly rubbing it with fomething elfe, the motions foon began. 
After the glafs has been much rubbed too, the Motions are not 
fo lafting; and the next day I found the motions faiiifef and diffi- 4 
culter to excite than the firft. If the Society have a mind to at-* 
tempt it any more, I can give no better advice than this : To 
take a new glafs not yet rubbed (perhaps one of the ®ld <Sies 
may do well enough after it has lain ftill a white) and lit this be 
rubbed, not with linen nor foft nappy woollen, but with fluff 
whofe threads may rake the furface of the glafs, fuppofe tatne- 
rine or the like doubled up in the hand ; and this With a brifk 
motion as may be, till 100 or 150 may be counted; the glaft 
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lying all the while over the papers. Then if nothing ftir, rub 
the glafs with the finger-ends half a fcore times to and fro, or 
knock your finger-ends as often upon the glafs : for this rubbing 
or knocking with your finger-ends, after the former rubbing, 
conduces moft to excite the papers. If nothing ftir yet, rub 
again with the cloth till 60 or 80 may be counted; and then rub 
or knock again with your fingers, and repeat this till the electric 
virtue of the glafs be fo far excited as to take up the papers ; 
and then a very little rubbing or knocking now and then will 
revive the motions. In doing all this, let the rubbing be always 
done as nimbly as may be ; and if the motion be circular like 
that of glafs-grinders, it may be better. But if you cannot 
make it yet fucceed, it muft be let alone till I have fome oppor- 
tunity of trying it before you. As for the fufpicion of the pa- 
per being moved by the air, I am fecure from that : yet in the 
Other of drawing the leaf-gold to above a foot diftance, which I 
never went about to try myfelf till the laft week, I fufpect the 
air might raife the gold, and then a finall attraction might deter- 
mine it towards the glafs : for I could not make it fucceed. 

As for Mr. Hook's infinuation, that the fum of the hypothec 
fis I fent you, had been delivered by him in his Micrography, I 
need not be much concerned at the liberty he takes in that kind. 
Yet becaufe you think it may be well, if I ftate the difference I 
take to be between them, I fhall do it as briefly as I can ; and 
that the rather, that I may avoid the favour of having done any 
thing unjuftifiable or unhandfome towards Mr. Hook. But for 
this end, I muft firft, to fee what is his, call out what he has 
borrowed from Des Cartes, or others, viz. That there is an 
ethereal medium: That light is the a&ion of this medium: That 
this medium is lefs implicated in the parts of folid bodies, and 
fo moves more freely in them, and tranfmits light more readily 
through them ; and that after fuch a manner as to accelerate the 
rays in a certain proportion : That refraction arifes from this acce- 
leration, and has fines proportional : That light is at firft uniform : 
That colours are fome difturbance or modification of its rays by 
refraction, or reflexion: That the colours of aprifm are made 
by means of the quiefcent medium accelerating fome motion of 
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the rays on one fide, where Red appears, and retarding it on the 
other fide, where Blue appears : and that there are but thefe two 
original colours or colour making modifications of light, which 
by their various degrees, or, as Mr. Hook calls it, dilutings, pro- 
duce all intermediate ones. This rejected, the remainder of his 
hypothefis is, that he has changed Des Cartes preffing or pro- 
greflive motion of the medium to a vibrating one ; the rotation 
of the globuli to the obliquation of the pulfes ; and the accele- 
rating their rotation on the one hand, and retarding it on the 
other by the quiefcent medium, to produce colours, to the like 
action of the medium on the two ends of his pulfe for the fame 
end. And having thus far modified his by the Cartefian hypo- 
thefis, he has extended it farther to explicate the phaenomena of 
thin plates ; and added another explication of the colours of na- 
tural bodies fluid and fclid. 

This, I think, is in ihort the fum of his hypothefis. And in 
all this, I have nothing common with him, but the fuppofition 
that aether is a medium fufceptible of vibrations. Of which 
fuppofition I make a very different ufe : he fuppofing it light it- 
felf ; which I iuppofe it is not. This is as great a difference, as 
is between him and Des Cartes. But befides this, the manner of 
refraction and reflexion, and the nature and production of co- 
lours in all cafes, which take up the body of my difcourfe, I ex- 
plain very differently from him ; and even in the colours of 
thin tranfparent fubftances, I explain every thing after a way fo 
differing from him, that the experiments, I ground my difcourfe 
on, deftroy all he has faid about them. And the two main ex- 
periments, without which the manner of the production of thofe 
colours is not to be found outj were not only unknown to him 
when he wrote his Micrography, but even laft Spring ; as I un- 
derftood in mentioning them to him. This therefore is the fum 
of what is common to us ; That aether may vibrate. And fo if 
he thinks fit to ufe that notion of colours arifing from the vari- 
ous bignefs of pulfes, without which his hypothefis will do no- 
thing, his will borrow as much from my anfwer to his objections, 
as that I fend you does from his Micrography, 
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But it may be, he means, that I have made ufe of his obfer- 
vations. And of fome I did: as that of the inflexion of rays, 
for which I quoted him : that of opacity arifing from the in- 
fterftices of the parts of bodies, which I infift not on : and that 
of plated bodies exhibiting colours ; a phenomenon, for the no- 
tice of which I thank him. But he left me to find out and 
make fuch experiments about it, as might inform me of the 
manner of the production of thofe colours to ground an hypo- 
thefis on : he having given no farther infight into it than this, 
that the colour depended on fome certain thicknefs of the plate. 
Though what that thicknefs was at every colour, he confefTes in 
his Micrography he had attempted in vain to learn. And there- 
fore feeing I was left to meafure it myfelf, I fuppofe he will al- 
low me to make ufe of what I took the pains to find out. And 
this I hope may vindicate me from what Mr.Hoo/fchas been pleafed 
to charge me with. 

Sir, I doubt I have already troubled you with too large a let- 
ter, and fo break off abruptly, yours, &c. 

V. 

Extraa from the Minutes of the ROYAL SOCIETY. 

Dec. 30, 16-5. 

READ a leter of Mr. Newton's, dated Dec. ai, 1675, in. 

which he affures, that the experiment had been repeated by him 
again with good fuccefs, and gives yet further diredions for the 
making of it fuccefsfully. 

Ordered, That thefe diredions mould be obferved at the next 
trial to be made at the next meeting of the Society. 



VI. 

Jan. 13, i6ff- 

MR. NEKTON'S experiment of glafs rubbed to caufe vari- 
ous motions in bits of paper underneath, being made ^cording 
to his more particular directions, did fucceed very well, ine 
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nibbing was made both with a fcrubbing-brum made of (hoit 
hog's- briftles, with a knife, the haft of a knife made with whale- 
bone, and with the nail of one's finger. It appeared, that touch- 
ing many parts at once with a hard and rough body, did produce 
the effect expected. 
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TO THE 

Hon. Mr. BOYLE. 

Hon. Sir, Feb. »s, .e 7 £. 

I HAVE fo long deferred to fend you my thoughts about the 
phyfical qualities we fpoke of, that, did I not efteem myfelf 
obliged by promife, I think I mould be aftiamed to fend them at 
all. The truth is, my notions about things of this kind are fo. 
indigefted, that I am not well fatisfied myfelf in them ; and 
what I am not fatisfied in, I can fcarce efteem fit to be commu- 
nicated to others, efpecially in natural philofophy, where there 
is no end of fanfying. But becaufe I am indebted to you, and 
yefterday met with a friend, Mr. Maulyvertr, who told me, he 
was going to London, and intended to give you the trouble of a 
vifit, I could not forbear to take the opportunity of conveying 

this to you by him. 

It being only an .explication of qualities, which you defire ot 
me ; I mail fet down my apprehenfions in the form of fuppofi- 

tions, as follow. 

And, firft, I fuppofe that there is difFufed through all places an 
cetherealfubftance, capable of contradion or dilatation, ftrongly 
elaftic ; and, in a word, much like air in all refpeds, but tar 

more fubtile. , . r 

a. 1 fuppofe this iEther pervades all grofs bodies, but yet fo 

as to ftand rarer in their pores than in free fpaces ; and io muca 
Vol. IV. Ddd the 
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the rarer, as their pores are lefs. And this I fuppofe (with others) 
to be the caufe, why light, incident on thofe bodies, is refracted 
towards the perpendicular ; why two well-poli fried metals cohere 
in a receiver exhauited of air : why quick-iilver ftands fometimes 
up to the top of a glafs pipe, though much higher than 30 inches- 
and one of the main caufes, why the parts of all bodies cohere;., 
alio the caufe of phiitration, and of the rifing of water in fmall 
glafs pipes, above the furface of the fiagnating water they are 
dipped into : for. I fufpeft the aether may ftand rar^r not only in 
the infenfible pores of bodies,, but even in the very fenfible cavi- 
ties of thofe pipes.. And the fame principle may caufe men- 
ftruums to pervade with violence the pores of the bodies they 
diflblve; the furrounding sether ; as well , as the.atmofphere pref- 
ilng them together. 

3. I fuppofe the rarer ^Ether within bodies* and the denfer 
without them,,. not to be terminated in a mathematical fuperftV 
cies, but to grow gradually into one another : the external aether r 
beginning to grow rarer, and the internal < to grow denfer, at' 
fome little diftance from the fuperficks of, the body,.. and run- 
ning through all intermediate degrees of denfity in the interme- 
diate fpaces. And this may be the caufe why-light; in 'Grim^dh-- 
experiment, pafling by the^dge.of a knife, or other bpake bddy,! 
h turned afide, and as it were reft-aded ; and,, by that refraaion, 
- makes feveral colours; Let abcd be a 

1' .' denfe body, whether opake Or traufparent 

% r Jk" — 3^ ef gh, the outfide of the, uniform aether,.. 

which is "within it-j jklm, the in fide of the< 
uniform aether, which is without it ;, and 
A .j j u , AV ^> conceive the aether, which is between efgh> 
SE' and ik LM-, to run- through allintermediatc 

degrees of denfity, between that of the two 
nniforrri aethers on cither fide. This being fuppofed, the rays of; 
the fun, SB, sk, which pafs by the edge of this- body, between b 
and ought, in their paflhge through the unequally denfe 
aether there, to receive a ply from the denfer tether, which is 
on that lide towards k ; and that the more, by how much they 
pals nearer to the body • and thereby to be fcattcrcd through the 

fpace 
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fpace pqtist, as by experience they are found to be. Now the 
fpace between the limits efgh and iklm, I fhall call the fpace of 
the aether's graduated rarity. 

4. When two bodies, moving towards one another, come near 
together, I fuppofe the aether between them to grow rarer than 
before ; and the fpaces of its graduated rarity to extend further 
from the fuperf}des of the bodies towards one another ; and this 
by reafon of the aether cannot move and play up and down fo 
freely, in the ftrait paffage between the bodies, as it would be- 
fore they came fo near together. 

Thus, if the fpace of the aether's 

graduated rarity reach from the body 

abcdef, only to the diftance ghlmrs, 

when no other body is near it ; yet may 

it reach farther, as to ik, when another 

,-g — *vi ■ ih. -as body, ngpq., approaches: and as the 
j _____ . 

! E F 

s ' • R grow rarer and rarer. 

Thefe fiippofitions I have fo defcribed, as, if I thought the 
ipaces of gradual aether had precife limits, as is expreffed at iklm, 
in the firft figure, and gmrs, in the feeond : for thus I thought 
1 could better exprefs myfelf. But really, I do not think they 
aiave fuch precife limits, but rather decay infenfibly; and, in fo 
decaying, extend to a much greater diftance, than can eafily be 
<belie ve<1, or need be fuppofed. 

5. Now from the fourth .fuppofttion, it follows, that when 
'two bodies, approaching one another, come fo near together as 
*o make the aether'between them begin to rarify ; they will be- 
gin to have a -reluctance from being brought nearer together, and 
an endeavour to recede frem one another: which reluctance and 
endeavour will increafe as they come nearer together, becaufe 
thereby they caufe the interjacent eether to rarify more and more: 
; but at length, when they come fo near together, that the excefs 
of preffure of the external aether, which furrounds the bodies, 
above that of the rarhied sether, which is between them, is fo 
&rear, as to overcome the relu&ance w-hich the bodies have from 

Ddd a being 
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fuppofe the aether between them will 
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being brought together; then will that excels of preflure drive 
them with violence together, and make them adhere ftrongly to 
one another, as was laid in the fecond fnppofition. For inlhrice, 
in the fecond figure, when the bodies ed and np are fo near to- 
gether, that the fpaces of the other's graduated rarity begin to 
reach to .one another, and meet in the line ik ; the other be- 
tween them will have iuffered much rarification, which ratifica- 
tion' requires much force, that is, much preffing of the bodies 
together: and the endeavour, which the aether between them has 
to return to its former natural Ante of condenfation, will caufe 
the bodies to have an endeavour of receding from. one another. 
But, on the other hand, to counterpoife this endeavour, there 
.will not yet be any excefs of denfity of the aether which fur- 
rounds the bodies, above that of the aether which is between 
them at the line ik. But if the bodies come nearer together, fo 
as to make the xther in the mid-way-line, ik, grow rarer than 
the furrounding aether ; there will arife, from the excefs of den- 
fity of the Surrounding aether, a compreffure of the bodies to- 
wards one another ; which, when by the nearer approach of the 
bodies, it becomes fo great as to- overcome the aforefaid endea- 
vour the bodies have to recede from one other, they will then go 
towards one another, and adhere together. And, on the con- 
trary, if any power force them afunder, to that diftance where 
the endeavour to recede begins to overcome the endeavour to ac- 
cede, they will again leap from one another. Now, hence I 
conceive it is, chiefly, that a fly walks on water without wetting 
her feet, and confeqtte[ntly without touching the water; that two 
poliflied pieces of gla "s are not without preflure brought to con- 
tact, no, not though the one be plain, the other a little convex ; 
that the particles of duft cannot by prefling be made to cohere, 
as they would do, if they did but fully touch ; that the particles 
of tinging fubftances, and falts difTotved in water, do not of their 
own accord concrete and fall to the bottom, but diffufe them- 
felves all over the liquor, and expand ftill more, if you add more 
liquor to them. Alfo, that the particles of vapours, exhalations, 
and air, do ft and at a diftance from one another, and endeavour 
to recede from one another, as the preflure of the incumbent 

atmofphere 
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atmofphere will let them: for I conceive the confufed mafs of 
vapours, air, and exhalations, which we call the atmofphere to 
be nothing elfe but the particles of all forts of bote, of winch 
the earth confifts, feparated from one another, and kept at a dii- 
tance by the faid principle. 

From thefe principles, the aaions of menftruums upon bo- 
dies may be thus explained. Suppofe any tinging body, as co- 
cnlU or logwood, be put into water, fofoon as the wa ter finks 
il ts poresf and wets on all fides, any particle, winch adheres 
TtteZdy, only by the principle in fecond fuppofmon ; it takes 
off JJdimtoiihcsthc efficacy of that pnnaple, o 
hold he particle to the body, becaufe it makes the xtner on aU 
fides the particle to be of a more uniform denfity than before, 
ltd tlen the particle being (haken off by any 
in the water, and with many fuch others, mak * 2 r^t*. 
which tinaure will be of feme lively colour * t^^^ 
all of the fame fize and denfity; otherwrfe of ™ 
the colours of all natural bodies whatever, feemto 
thing but the various fizes and denudes of 
thin! you have feen defcribed by me more at large m anmhei pa 
ner If the particles be very fmall (as are thofe of falts, vim 
oTs 'and S they are tranfparent; and as they « 
bigger afd bigger, they put on the fecolours ™^>^ 
White, YellowfRed; Violet, Blue, P^^'/^ 0 ^ 
Red; Purple, Blue, Green, Yellow, Orange • ^ 8 ^^^ 
cerned by the colours, which appear at the feve d ^ 
very thin plates of tranfparent boches Whence * know 
ca«L of the changes of colours, which are 
mixtures of feveral liquors, it is to be confidered Ik w Je ^ 
cles of any tinaure may have their fize or denfity altered by 
infufionof another liquor. cannot 

When any meta! is put intocommon wa er k the* 
enter into its pores to aft oa it and d.ffolve • ^ * 
confifts of too grofs parts for this pnrpofe, bu tto* 
fociable to metal s for there is a certain fccret t ' 
by yAich liquors are fociable to iome : thing , and ^ 
others. Thus water will not mis with oil, but read.ly P 
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rit of wine, orwithfalts; it links alfo into wood, which quick- 
filverwill not; but quick-filver finks into metals, which water will 
not ; fo aquafortis difiblves filver, not gold; aqua regis gold, and 
riot filver, &c. But a liquor, which is of itfelf unfoc iable to a body, 
may, by the mixture of a convenient mediator, be made fociable: 
fo molten lead, which alone will not mix with copper, or withr*- 
gulus of mars, by the addition of tin, is made to mix with either: 
and water, by the mediation of faline fpirits, will mix with me- 
tal. Now when any metal is put in water, impregnated with 
fnch fpirits as into aqua, for tis y aqua regis 7 fpir it af vitriol, or the 
like ; the particles of the fpirits, as they in floating in the water 
Itrike on the metal, will, by their fociablenefs, enter into its 
pores, and gather round its out fide particles., and, by advantage 
of the continual tremor the particles of the metal are in, hitch 
themfelves in by degrees between thofe particles and the body, 
and loofen them from it; and the water entering into the pores 
together with the faline fpirits, the particles of the metal will 
be thereby ftill more loofed, fo as by that motion the folution 
puts them into to be eafily fhaken off, and made to float in the 
water: the faline particles ffill encompaffing the metallic ©ties, 
as a coat or fhell does a kernell, after the man- 
ner expreffed in the annexed figure % in which 
figure I have made the particles round, though 
they may be cubical, or of an y other fhape. 

If into a folution of metal, thus made, be 
poured a liquor abounding with particles^ t© 
which the former faline. particles are more fociable than to the 
particles of the metal (fuppofe with particles of fait of tartar):; 
then, fo foon as they ftrike on one another in the liquor, the fa- 
line will adhere to thofe particles more firmly than to the metal- 
line ones ; and by degrees be wrought off frem thofe,, to enclofe 
thefe. Suppofe a metalline particle enclofed with faline ones 
of fpirit of nitre ; and e, a particle of fait of tartar .contiguous 
to two of the particles of the fpirit of nitre b and c} and fup 4 - 
p6fe the particle e is impelled by any motion towards 4 fo as to 
roll about v the particle c, till it touch the particle,*/; the particle 
b adhering more firmly to e than to a, will be forced off from 
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A ' And °y the fame means the particle e, as 
it rolls about it, will tear off th« reft of the 
faline particles from a, one after another, till it 
has got them all, or almoft all, about itfelf. 
And when the metallic particles are thus diverted 
of the nitrous ones, which, as a mediator be- 
tween them and the water, held them floating 
in it; the alcalizate ones crouding for the room, 
the metallic ones took up before, will prefs 
thefe towards one another, and make them come 
more .eafily together: fo that by the motion they continually 
have m the water, they mall be made to ftrike on one another ; 
and then, by means of the principle in the fecond fuppofition, 
they will cohere, and grow into clufters, and fall down by their 
weight to the bottomy which is rallied precipitation. 

In the Solution of metals, , when a particle is loofing from the 
body, fo fddn as it .gets to that diftance from it, where the prin- 
ciple of . receding,:, defcribed in the 4th and 5 th fuppofitions, be- 
gins, to overcome the principle of acceding, defcribed in the fe- 
cond fuppofttion; the receding of the particle will be thereby 
accelerated, fo that the particle mail, as it were with violence, 
leap from the body, . and, putting the liquor into a brilk agita- 
tation, beget and promote that heat, we often find to be caufed in 
folutions of metal. And if any particle happen to leap off thus 
from the body, , before it be furrounded with water, or to leap off 
with that fmartnefs as to get loofe from the water, the water, by 
the principle, in the 4th and 5th fuppofitions, will be kept off 
from the particle, and ftand found "'about it like a fpherical hol- 
low arch,, not being able to come to a full contaft with it any 
more. And feveral of thefe particles afterwards gathering into 
a;clufter, fo as by the fame principle to ftand at a diftance from 
one another without any water between them, will compofe a 
bubble. Whence I fuppofe it is, that, in brifk folutions, there 
dually happens an ebullition. 

Ihis-isone way of tranfmuting grofs compact fubftances into 
aereal ones. Another way is by heat. For as faft as the mo- 
tlon of n eat can fhake off the particles of water from the furface 

of 
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of it; thofe particles, by the faid principle, will float up and 
down' in the air at adiftance both from one another, and from 
the particles of air, and make that fubftance we call vapour. 
Thus I fuppofe it is, when the particles of a body are very (mall, 
(as I fuppofe thofe of water are) fo that the action of heat alone 
may be fufiicient to lhake them afunder. But if the particles be 
much larger, they then require the greater force of diffolving 
menftruums to feparate them, unlefs by any means the particles 
can be firft broken into fmaller ones. For the moft tixed bo- 
dies, even gold itfelf> feme have faid, will become volatile only 
by breaking their parts fmaller. Thus may the volabihty, and 
fixednefsof bodies, depend on the different lizes of their parts. 

And on the fame difference of fize may depend the more or 
lefs permanency of aereal fubftances in their ftate^of rarification. 
To underftand this, let us fuppofe abcd to be a large piece of 
any metal; efgh, the limit of the interior uniform aether ; and 
b, a part of the metal at the fuperficies ab. If this part, or 
particle b, be fo Uttle, that it reaches not to 
%k the -limit ef ; it is plain that the aether, at 

i ^t^K its center, muft be lefs rare than if the 

-S|^ particle were greater : for were it greater, 

£ " F1 K^v its center would be further fr ° m thC fUpef " 
* o\ IVO^ ficies ab ; that is, in a place where the 

jE5SJ l b y f^PPQfi tion * is. rarer. The Ids 

14 S T the particle b therefore, the denfer the 

iether at its center-, becaufe its center comes nearer to the edge 

ab, where the aether is denfer than within the limit efgh. *ni 

if the particle were divided from the body, and removed to a . 

tance from it, where the aether is ftill denfer, the a*her withm 

k muft proportionally grow denfer. If you confider tlus, yo 

may apprehend how, by diminifhing the particle, the rarity 

the aether within it will be diminifhed, till between the denl1 £ 

the aether without, and, the denlity of the aether within it, tn 

be little difference; that is, till the.caufe be almoft * , * ce 

which fliould keep this, and other fuch particles, at a di 

from one another. For that caufe, explained in the 4™ an J 
£ {uppoW lonb > 
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fuppofitioas, was the excefs of denfity of the external aether 
above that of the internal. This may be the reafon, then, why 
the fmall particles of vapours eafily come together, and are re- 
duced back into water ; unlefs the heat, which keeps them in 
agitation, be fo great as to dimpate them as faft as they come to- 
gether : but the groffer particles of exhalations, raifed by fer- 
mentation, keep their aereal form more obftinately, becaufe the 
aether within them is rarer. 

Nor does the fize only, but the denfity of the particles alfo. 
conduce fo the permanency of aereal fubftances. For the excefs 
of denfity of the aether without fuch particles, above that of the 
sether within them, is ftill greater: which has made me fome- 
times think, that the true permanent air may be of a metallic 
original : the particles of no fubftances being more denfe than 
thofe of metals. This I think is alfo favoured by experience ; 
for I remember I once read in the Philofophicai Tranfaaions 
how Mr. Hugens, at Parts, found, that the air made by dif- 
folving fait of tartar would, in two or three days time, condenfe 
and fall down again ; but the air made by diffolving a metal con- 
tinued without condenfmg or relenting in the leaft. If you con- 
fider then bow, by the continual fermentations made in the 
bowels of the earth, there are aereal fubftances raifed out of all 
kinds of bodies ; all which together make the atmofphere, and 
that of allthefe, the metallic are the moft permanent, you will 
not perhaps think it abfurd, that the moft permanent part of the 
atmofphere, which is the true air, mould be conftituted of thefe : 
efpecially fince they are the heavieft of all other, and fo muft 
fubfide to the lower parts of the atmofphere, and float upon the 
furface of the earth, and buoy the lighter exhalation and vapours, 
to float in greateft plenty above them. Thus, I fay, it ought to 
be with the metallic exhalations, raifed in the bowels of the earth 
by the a&ion of acid menftruums ; and thus it is with the true 
permanent air: for this, as in reafon it ought to be efteemed 
the moft ponderous part of the atmofphere, becaufe the loweft ; 
fo it betrays its ponderofity, by making vapours afcend readily m 
it ; by fuftaining mifts and clouds of fnow ; and by buoying up 
grofs and ponderous fmoak. The air alfo is the moft S rofs ^ 
Vol. IV. E e e 
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a&ive part of the atmofphere, affording living thingrnd non- 
riihment, 'if deprived of the more tender exhalations and fpirits 
that float in it; and what more una&ive, or remote from nou- 
rifhment, than metallic bodies. 

I mall fet down one conje&ure more, which came into my 
mind now as 1 was writing this letter : it is about the caufe of 
gravity. For this end, I will jfuppofe aether to confrft of parts 
differing from one another in fubfTlty by indefinite degrees : that 
in the pores of bodies, there is lefs of the groffer aether ih pro- 
portion to the finer, than in open ipaces; and confequently, that 
in the great body of the earth there is much lefs of the groffer 
asther, in proportion to the finer, than in the regions of the air: 
and that yet the groffer aether in the air affecls the upper regions 
of the earth, and the finer aether in the earth the lower regions 
of the air in fuch a manner, that, from the top of the air to the 
furface of the earth,' anS again from the furface of the earth t6 
the center thereof, the sether is infenfibly finer and finer: Ima- 
gine, now, any body fufpended in the air, or lying on the earth ; 
and the aether being, by the hypothefis, groffer in the pores 
which are in the upper parts of the body, than in thofe which 
are in the lower parts; and that groffer aether, being lefs apt to 
be lodged in thofe pores, than the finer aether below ; it will en- 
deavour to get out, arid give way to the finer sether below, which 
cannot be, without the bodies descending to make room above 
for it to go out into. , 

From this fuppofed gradual fubtilty of the parts of the aether, 
Tome things above might be further illuftrated; and made more 
intelligible ; but by what has been faid, you will eafity difcern 
whether, in thefe conjectures, there be any degree of probabi- 
lity; which is all I aim at. For my own' 'part, I have fo httle 
fancy to things of this nature, that, had not your encourage- 
ment moved me to it, I fhould never, I think, have thus far fet 
pen to paper about them. What is amifs, therefore, I hope you 
will the more eafily pardon in yours, 8cc. 
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ACIDORUM particulae funt aqueis crafliores, 8c proptere*. 
minus volatiles; at terreftribus multo fubtiliores, 8cprop- 
terea multo minus fixae. Vi magna attradiva pollent, 8c in hac 
vi confiftit earum aaivitas ; qua 8c corpora diflblvunt, 8c organa 
fenfuum agitant 8c pungunt. Mediae funt naturae inter aquam 
8c corpora, 8c utraque attrahunt. Per vim fuam attraaivam con- 
gregantur circum particulas corporum, feu lapideas feu metallicas, 
iifque undique adhaerent arcWime, ut ab iifdem deinceps per dif- 
tillationem vel fublimationem vix poffint feparari; attra&ae verd 
8c undique congregatae elevant disjungunt ac difcutiunt particulas 
corporum ab invicem; id eft, corpora diflblvunt; 8c per vim attrac- 
tions, qua ruunt in corpora, commovent fluidum, 8c calorem ex- 
citant; particulafque nonnuilas adeo difcutiunt, ut in aerem con- 
vertant, 8c bullulas generant. Et ha?c eft ratio diffalutionis & 
fermentationis violentse. Acidum verd, attrahendo aquam aeque 
ac particulas corporum, efficit ut particulae diflolutae prompte mif- 
ceantur cum aqua, eique innatent ad modum falium. Et quemad- 
modum globus terrce per vim gravitatis, attrahendo aquam fortius 
quan corpora leviora, efficit ut leviora afcendant in aqua 8c fugi- 
ant in terra; fic particulae falium, attrahendo aquam, fugant fe 
mutuo, 8c ab invicem quam maxime recedendo, per aquam totam 

expanduntur. _ . , 

* Particulae 
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Particular falls Alkali ex terreis et acidis fimiliter unitis conftant; 
fed hae acidae vi magna attraftiva pollent, ut per ignem non fepa- 
rentur a fale, utque metalla diflbluta prsecipitent, attrahendo ab 
ipiis particulas acidas quibtis-diffolvebaotur^ 

Si particulae acidae in minori proportione cum terreftribus jun- 
gantur, tam ar£te retinentur a terreftribus, ut ab iis fupprimi ac 
occultari videantur; neque enim fenfum jam pungunt neque at- 
trahunt aquam ; fed corpora dulcia, 8c quae cum aqua aegre mif- 
centur, hoc eft pinguia componimt : ut fit in Mercurio dulci, ful- 
phure communi, Luna Cornea, 8c Cupro, quod Mercurius fub- 
limatus corrofit. Ab acidi veio fic fupprefli vi attraaiva fit, ut 
pinguia corporibus prope univerfis adhaereant, & flammam facile 
concipiant ; fi modd acidum calefa&um inveniat alias corporum 
in fumo accenforum particulas, quas fortius aitrahat quam pro- 
prias: fed 8c acidum in fulphureis fuppreflum, fortius attrahen- 
do particulas aliorum corporum, fcilicet terreai, quam propnas, 
fermentationem brutam 8c naturalem ciet, & fovet, ufque adpu- 
trefaaionem compofiti; quae putrefaclio fita eft in eo, qu6d Acid 
partialis fermentationem <liu foventes, tandem in interftitia mi- 
nima et partes primae compofitionis interjacentia fefe irifinuant, 
intimeque iis partibus unitae mixtionem novam efficiunt, non 
amovendam nec cum priore commutandam. 

Cogitationes varia. 

Flamma eft fumus candens, differtque a fumo, ut fermm ru- 
bens ab ignito fed non rubente. 

Calor ell agitatio partium quaquaverfum. 

Nihil eft abfolute quiefcens fecundum partes fuas, 8c ided fri- 
gidum, praeter atomos, vacui fcilicet expertes. 

Terra augetur aqua in earn converfa, et omnia in aquam re- 
duci poflunt. 

Nitrum abit diftillatione magnam partem in fpiritum acidum, 
relidta terra; quia acidum nitri attrahit phlegma, et idcirco fimul 
afcendunt, conftituuntque fpiritum. At nitrum carbone accenfum 
magnam partem abit in Sal Tartari, quia ignis eo modo applica- 
tus partes acidi Sc terrae in fe impindt, fortiufque unit. 

2 Spiritus 
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-• Spiritus ardentes funt Oleacum phlegmate, per fermentationem, 
unita. 

. m Tin£fciira Cochinellse, cum fpiritu Vini fadta, in aquae magnam 
. molemimfmifla, parva licet dofi, totam tamen aquam inficit; fci- 
licet quia particulae Gochinellae magis attrahuntur ab aqua, quam a 
fe mutud. 

,Aqua non habet magiiam vim diffolvendi, quia pauco acido 
gaudet ; acidum enim dicimus, quod multum attrahit 8c attrahi- 
tur. Videmus nempe 6a quae in aqua folvuntur, lente 8c fine 

. effervefcentia folvi ; at ubi eft attractio fortis, 8c particular men- 
ftrui undique attrahuntur a particula metalli; vel potius par- 
ticula metalli undique attrahitur a particulis menftrui, hae illarn 
abripiutit r 8c circumfiftunt ; hoc eft, metallum corrodunt ; hae 
eaedem particular fenforio applicatae ejus partes eodem modo di- 
veliunt, doloremque inferunt. Acidae appellantur reliaa fcilicet 
terra fubtiii cui adhaerebant,. ob majorem attraaionem ad h> 

• quidum linguae, 8c c. , < 

In omni folutione per menftruum, particulae folvendae magis 
attrahuntur a partibus menftrui quam a fe mutud. 

In omni fermentations eft acidum fuppreffum, quod: coagulat 
praeeipitando. 

Oleum, cum nimis magna mole phlegmatis intime mixtum, fit 
falinum quiddam, 8c fic acetum conftituit; hie ctiam Tartar], feu 
terrae admiftae, habenda eft ratio. 

Mercurius attrahitur, i. e. corroditur ab acidis ; 8c ficut pon- 
dere obftruaiones tollit, ita vi attraarice acida infringit. 

Mercurius eft volatilis, 8c facile elevatur calorc; quia ejus parti- 
culae ultimae compofitionis funt parvae, 8c facile feparantur, fepa- 
rataeque fefe fugant ; ut fit in particulis vaporis fluidorumque ra- 
refaaorum. 

Aqua comprimi non poteft; quia ejus particulae jamjam fe tan- 
gunt : ut fi fe tangerent particular aeris (comprimi aer poteft quia, 
ipfius particulae nondum fe tangunt) aer evaderet in marmor. 
Sequitur ex Prop. xxm. Lib. 2. Princip. Phiiof. 

Aurum particulas habet fe mutu6trahentes; harum fummavo- 
centur prims compofitionis; harum fummarum fummae, fecun- 

dae > Sec. „ _ 
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Poteft Mercurius, poteft Aqua Regis poros pervadere, qui par- 
ticulas ultima? compofitionis interjacent, at non alios. Si poffet 
menftruum alios illos pervadere, vel li anri partes primse & fe- 
cunda? compofitionis poffent feparari, fieret aurum fluidum & mal- 
leabile. Si aurum fermentefeere poffet, in aliud quodvis corpus 
poffet transformari. 

Vifciditas eft, vel folum defeaus fluiditatis (quae fita eft in par- 
tium parvitate 8c fic feparabilitate, intellige partes ultima? com- 
pofitionis) vel defeaus lubricitatis, feu Isevoris, partes unas fupra 
alias labi impediens. Hujus vifciditatis acidum faepe caufa eft, 
f<epe fpiritns alius lubricus terrae junaus; ut Oleum Terebinthi- 
nse, capiti fuo mortuo redditum, fit tenax. 

Ratio cur charta oleo inunaa tranfitum oleo, non Aquae, con- 
cedat, eft, quia aqua Oleo non mifcetur, fed fugatur ab eo. 

Acidum primigenium videtur conftare particulis fphaericis, hoc 
eft fumme attraaivis ; 8c particulae hae funt majores aquae, 8c mi- 
nores terra partibus, feu inter eas mediae 8c utrarumque attrae- 
trices. 

Cum acidae partes, minores fcilicet, aliquod diffolvunt, id faci- 
unt, quia partem rei folvendae includunt undique, utpote majorem 
qualibet acidi partium. 
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GRADUUM GALORIS. 



Colorum partes 
xquiles. 
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gnduj. 


Calorum Defcriptiones et Signa. 






A LOR aeris hyberni ubi aqua incipit gelu ri- 
<Jl gefcere. Innotefcit hie calor accural locan- 
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do Thermometrumin nive comprefla, quo tempore 






gelu folvitur. 
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Calores aeris hyberni. 
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Calores aeris verni 8c autumnalis. 


4> 5> 6 - 




Galores aeris seftivi. 


6. 




Calor ufitatus aeris meridiani circa menfemjulium. 


12. 


I 


Calor maximus quem Thermometer ad contac- 
tum corporis humani concipit. Idem circiter eft 
calor avis ova incubantis. 


i4 A 




Calor balnei prope maximus quem quis, manu 
immerfa 8c conftanter agitata, diutius perferre po- 
teft. Idem fere eft calor fanguinis recens effufi. 
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Calor balnei maximus quem quis, manu immerfa 






8c immobili manente, diutius perferre poteft. 




n 


Calor balnei quo cera innatans 8c liquefaaa de- 
fervefcendo rigefcit, 8c diaphaneitatem amittit. 

pff j Calor 
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Calor balnei quo cera innatans incalefcendo li- 
quefcit, 8c in continuo fluxu fine ebullitbne con- 
fervatur, 

Calor mediocris inter caloresquo cera liquefcir, 8c 
aqua ebullit. 

Calor quo aqua vehementer ebullit ; 8c miftura 
duarum parti urn plumbi, trium partium ftanni 8c 
quinque partium bifmuti defervefcendo rigefcit. In- 
cipit aqua ebullire calore partium 33, Sc calorem 
partium plulquam 34^ ebulliendo vix concipit. Fer- 
rum ver6 defervefcens calore partium 35 vel 36, 
ubi aquacalida, 8c 37, ubi frigida in ipfum gutta- 
tim incidit, defmit ebullitionem excitare. 

Calor minimus quo miftura unius partis plumbi, 
quatuor partium ftanni, Sc quinque partium bifmuti 
incalefcendo liquefcit, Sc in continuo fluxu confer- 
vatur. 

Calor minimus quo miftura jequalium partium 
ftanni 8c bifmuti liquefcit. Haec miftura calore 
partium 47 defervefcendo coagulatur. 

Calor quo miftura duarum partium ftanni, & uni- 
us partis bifmuti funditur, ut 8c miftura trium par- 
tium ftanni 8c duarum plumbi : fed miftura quin- 
que partium ftanni 8c duarum partium bifmuti hoc 
calore defervefcendo rigeicit. Et idem facit miftura 
3e ]ualium partium plumbi 8c bifmuti. 

Calor minimus quo miftura unius partis bifmuti, 
k. oclo partium ftanni funditur. Stannum per fe 
funditur calore partium 7 2, Sc defervefcendo rigeicit 
alore partium 70. 

Calor quo bifmutum funditur ; ut 8c mifturaqna- 
:uor partium plumbi, Sc unius partis ftanni. Scd 
.niltura quinque partium plumbi, 8c unius partis 
tanni, ubi fufa eft 8c defer vefcit, in hoc calore rigcfcit. 

Calor minimus quo plumbum funditur. Plum- 
bum incalefcendo funditur calore partium 96 vel 
97, 8c defervefcendo rigefcit calore partium 95. 

Calor 
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11 4 4 J Calor quo corpora ignha, defervefcendo, penitus 
definunt in tenebris no&urnis lueere; 8c viciffim, 
incalefcendo, incipiunt in iifdem tenebris lucere,fed 
luce tenuiffima quse fentiri vix poflit. Hoc calore 
liquefcit miftura aequaiium partium ftanni 8c reguli 
martis ; Sc miftura feptem partium bifmuti 8c qua- 
tuor partium ej ufdem Reguli defervefcendo rigefcit. 
136 4^ Calor quo corpora ignita in tenebris nocturnis 
candent, in crepufculo ver6 neutiquam. Hoc ca- 
jlore turn miftura duarum partium reguli martis St 
unius partis bifmuti, turn etiam miftura- quinque. 
partium reguli martis 8c unius partis ftanni; defer- 
vefcendo rigefcit. Regulus per fe rigefcit calore par* 
rium 146. 

161 4}- ! Calor quo corpora ignita ia crepufculo, proxime 
(ante ortum lolis, vel poft occafum ejus, manifeftd 
jcandent; m clara vera diei luce neuliquam, aut non 
Inift perobfcure. 

192 ■ s I Calor prunarum in igne parvo cu-lnvarr, ex carbo- 
■nibus foflilibus bituminofis conftructo, 8c abfque ufu 
jfollium ardente. Idem eft calor ferri, in tali igne 
I iquantum poteft candentis. Ignis parvi culinaris, 
I jqui ex lignis conftat, calor paulo major eft ; nempe 
j Ipartium 200 vel 210. Et ignis magni major ad- 
j jhuc eft calor ; przefertim ft follibus cieatur. 
In hujus Tabulae columna prima habentur gradus caloris in 
proportione arithmetica; compntum inchoando a calore, quo aqua 
incipit gelu rigefcere, tanquam ab infimo caloris gradu, feucom- 
muni termino caloris 8c frigoris ; 8c ponendo calorem externum 
corporis humani effe partium duodecim. In fecunda columna 
habentur gradus caloris in ratione geometrica; fie ut fecundus 
gradus lit duplo major primo, tertius item fecundo, 8c quartus 
tertio, 8c primus fit calor externus corporis humani fenfibns a> 
quutus. Patet autem per hanc Tabulam, quod calor aquae bulli- 
entis fit fere triplo major quam calor corporis humani ; 8c quod 
calor ftanni liquefcentis fit fextuplo major, 8c calor plumbi liquef- 
centis octuplo major, 8c calor Reguli liquefcentis duodecuplo ma. 

1 >>r, 
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jor, 8c calor ordinarius ignis culinaris fexdecim vel feptemdecifn 
vicibtis major, quam calor idem corporis humani. 

Conftru&a fuit hcec Tabula ope Thermometri 8c Ferri canden- 
•tds. Per Thermometrum inveni menfuram calorum omnium uf. 
que ad calorem quo ftannum funditur, 8c per ferrum calefa&um 
inveni menfuram reliquorum. Nam calor quern ferrum cale- 
factum corporibus frigidis fibi contiguis dato tempore communi- 
cat, hoc eft, calor quern ferrum dato tempore amittit, eft ut 
calor totus ferri. Ideoque fi tempora refrigerii fumantur aequa- 
lia, calores erunt in ratione geometrica, 8c propterea per tabulam 
logarithmorum facile inveniri poflunt. 

Primum igitur per Thermometrum, ex oleo lini conftruclum, 
inveni, quod fi oleum, ubi Thermometer in nive liquefcente lo- 
cabatur, occupabat fpatium partium ioooo; idem oleum, calore 
primi gradus feu corporis humani rarefaetum, occupabat fpatiutn 
10256; 8c calore aquae jamjam ebullire incipientis,fpatiumiO705; 
$c calore aquae vehementer ebullientis, fpatium 10725; 8c calore 
ftanniliquefacli defervefcentis, ubi incipit rigefcere, 8c con fiftentiam 
amalgamatis induere, fpatium 1 1 5 1 6 ; 8c ubi omnino rigefcit, 
fpatium 1 1496. Igitur oleum rarefaclum fuit ad dilatatum in 
ratione 40 ad 39, per calorem corporis humani; in ratione 15 ad 
14, per calorem aquae bullientis ; in ratione 15 ad 13, per calo- 
rem ftanni defervefcentis, ubi incipit coagulari 8c rigefcere ; 8c in ra- 
tione 23 ad 20, per calorem quo ftannum defervefcens omnino 
rigefcit, Rarefactio aeris aequali calore fuit decuplo major quam 
rarefa&io olei ; 8c rarefactio olei quafi quindecim vicibus major 
quam rarefaclio fpiritus vini. Et ex his inventis, ponendo calores 
olei ipfius rarefactioni proportionales, 8c pro calore corporis hu- 
mani feribendo partes 12, prodiit calor aquae ubi incipit ebullire, 
partium 33; 8c ubi vehementius ebullit, partium 34; 8c calor 
ftanni, ubi vel liquefcit, vel defervefcendo incipit rigefcere, 8c con- 
iirtentiam amalgamatis induere, prodiit partium 72; 8c ubi de- 
fervefcendo rigefcit, 8c induratur, partium 70. 

His cognitis, ut reliqua inveftigarem, calefeci ferrum fatis crai- 

fum, donee fatis canderet; 8c ex igne cum forcipe etiam candente 

cxemptum locavi ftatim in loco frigido, ubi ventus conftanter fpi- 

rabat ; 8c huic imponendo particulas diverforum metallorum, & 

aliorum 
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aliorum corporum liquabilium, notavi tempora refrigerii ;. donee 
particulae omnes, amirTa. fluid itate, rigefcerent, 8c calor ferri ae^ 
quaretur calori corporis humani. Deinde ponendo qu6d exceflus 
calorum ferri 8c particnlarum rigefcentium fupra calorem atmof- 
ph£er2e,Thermometro inventum,elTent in progreifione geometrica,, 
ubi tempora funt in progreffione arithmetic;*, calores omnes in- 
notuere. Locavi autem ferrum, non in aere tranquillo, fed in 
vento uniformiter fpiraiite ; ut aer a ferro calefactus femper abri- 
peretur a vento, 8c aer frigidus in locum ejus uniformi cum motu 
fucccderet. Sic enim aeris partes aequales aequalibus temporibus 
calefato funt, 8c calorem conceperunt calori ferri proportionalem. 

Calores autem fic inventi eandem habuerunt rationem inter fe 
cumcaloribus per Thermometrum inventis; 8c propterea rarefac- 
tiones olei ipfius caloribus proportionales elfe re£te affumpfimus. 
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P R M NOB I LI VIRO 



D. CAROLO MONTAGUE 



- Armig. Scacafil €ancellari y W Societatis Regia Prajidi. 



; Jan. 30, i6 9 «. 

Accepi, Vir Ampliflime, hefterno die duo Problematum, a 
JoHANNEBERNOULLioMathematicorum acutiflimopropofitorura, 
exemplaria, Groninga edita in haec verba 

Acutiffimis qui toto Orbe florent Mathematics S. P. D* 

JOHANNES BERNOULLI, Math, P. P; 

CUM compertum babeamus, vix quicquam ejfe, quod magis ex- 
citet generqfa ingenia ad moliendum quod conducit augendis 
JcientMy quam difficilium pariter & Milium quaftionum propofitio- 
nem ; quarum enodatione> tanquam fmgulari, fiqud alia via, ad 
nominis claritatem perveniant fibique apud pqfleritatem aterna 
extruant monumental fic me nihil gratius orbi matbematico faflu- 
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rum fperavi, quam fi, imitando exemplum tantorum virorum, Mer- 
senni, Pas c alii, Fermatii, prafertim recentis illius anonymi 
anigmatifta Florentini *, aliorumque qui idem ante me fecerunt, 
praftantifiimis hujus dvi analyfiis proponerem aliquod Problema, quo^ 
quafi lapide Lydio, fuas metbodos examinare, vires intendere, & t 
Ji quid invenirent, nobifcum communicare pofjent ; ut qui/que fuas 
exinde promeritas laudes a nobis, pub/ice id profiientibus, confeque- 
retur. 

FacJum autem illudejl ante Jemejire in AdtisLipf. m. Jun. pag. 
269, ubi tats pfto&Jeffia piopbfiU,^ipifmi8uiMm l k:umjucunditate 
conjunclam videbunt omnes, qui cum fucceffu ei Je applicabunt. 
Sex menfium fpatium a prima publications die Geometris concejfum 
eft, intra quod, Ji nulla folutio,prodprst if l^cem? tn^e tmam txbi- 
biturum promifi. Sed vcct elapfus eft teymhtos, & nihil Solutionis 
comparuit ; ni/i quod Celeb. Leibnitius, de profundiore geometrid 
prceclare meritus, me per Utter as certiorem fecerit, fe jam feliciter 
dijfolvijfe mdumpulcberrimi bujusj mi woM&at^Miinfi^t&jintea 
problemdtis ; injimulque humaniter rogavti, ut praflitutum limitem 
ad proximum pafcha extendi pater er ; quo interea apud Gallos, Ita- 
loj que, idem illud publican poffet, nulhifque adeo fuperejfet locus ulli 
de arig'ufiid termini querela, Quam bpneftam r petitioner non fo- 
lum rndulfi, fed ipfe %ancjprorog0onM 'promitlgare decfevi ; vifu- 
'rus Hum qUifattJ ^ui nobilem banc t& arduam.quafiionem aggrefi 
furi, pojl longum temporis intervallum, tandem enodationis compotes 
fierent. Illorum interim ingratiam, ad quorum man us A&a Lip- 
fienfia non perveniunt,. propofitionem. bk refet.o, ^ •• ■. 

* Vincentius Viviani ami. 1691. arnigma geometricum propofuit, de miro opificio Teftudinis 
quadrabilis hcmifphericae ; videantur Alia Eruditorum hujus anni* mcpfe Junio, fag. 2 74' vel 
Vita Viviani in Hill. Acad, Rag., Scitot. Barjf. a»n. 1,703. : ' * " .' ! 
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Determinare Itneam curvam data duo pundta, in diverfis ab ho- 
" rizonte diftantiis 8c non in eadem re<5ta verticali pofita, connec- 
■tefrterrt, fuper qua mobile, propria gravitate decurrens & a 
s fuperiari pun&o moveri incipiens, citiffime defcendat ad punc- 
turh inferins. 

Senfus problematis hie eft : ex infinitis lineis, qua duo ilia data 
punclarconjungunf, vel ab uno ad alteram duci'poffunt, eligatur ilia, 
juxta quam fi ' incurve tur lamina tubi canalifve for mam babens, 
ut ipfi impofitus globulus & liber e dimiffus, iter fuutn ab uno punclo 
ad aUerwn emetiatur tempore brevifftmo. 

Ut vero omnem ambiguitatis anfam pracaveamus ; fcire B. L. 
volumus,- nos btc admittere Galilei bypotbefin, de cuius veri- 
mte, fepofitd ■ rejiftentid, jam nemo ejl faniorum geometr arum qui 
-ambigat',- velocitates fcilicet acquifitas graviura cadentium effe 
in fubduplicata" ratione altitudine emenfarum : quamquam alias 
noflra folvendi metbodus univerfaliter ad quamvis aliam bypotbefm 
fefe extendat. 

Cum itaque nihil obfeuritatis fuperfit, obnixe rogamus omnes & 
fmgulos hujus avi geometr as, accingant fe prompt e, tentent, difcu- 
tiant quicquid in extremo fuarum metbodorum receffu abfeonditum 
tenent. Rapiat qui potefl premium, quod folutori par avimus; non 
■qvudem auri, non argent i fummam, quo abjecla tantum mercer 
naria cmducuntur ingenia, a quibus ut nihil laudabile, fic nihil, 
quod fcientiis frucluofum, expeBamus ; fed cum virtus fibi ipfi fit 
merces pulcberrima, atque gloria immenfum habeat calcar, offeri- 
mus premium, quale convenit ingenui fanguinis viro, confertum ex 
honore, laude, & plaufu ; quibus magni nofiri Apollinis perfpicaci- 
iatem, publice & privatim, fcriptis & dials coronabimus, conde- 
torabimus, &> celebrabimus. 

■ SluUfi verofefiumpafchatispraterierit, nemine deprehenfo, qui 
quafitum noftrum folverit ; nos qua ipfi invenimus publico non Jnvi- 
debimus: incomparabilis enim Leibnitius folutiones turn fuam y 
turn nofiram, ipfi jam pridem commiffam, protinus, utfperp, in lu- 
cent emittet; quas fi geometr a, ex penitiori quodam fonte petita^ 
t perfpexerint, 
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perjpexerint^ nulli dubitamus, quin angujlos vulgaris geometries li- 
mit es agnojeant, nojlraque proin invent a tanto pluris faciant, quan- 
to pauciores eximiam nojiram quajlionem foluturi extiterint, etiam 
inter illos ipfos, qui per Jingulares, quas tantopere commendant, me- 
tbodos, interioris geometria latibula nonfolum intime penetrdjje, Jed 
etiam ejus pomceria, tbeorematibus fuis aureis, nemini, ut putabant i 
cognitisy ab aliis tamen jam longe prius editis, mirum in modum 
extendijje gloriantur. 

PROBLEMA ALTER UM 
PURE GEOMETRICUM. 
Quod priori fubnedtimus, 8c Srrenae loco Eruditis proponimus. 

Jb Euclidis tempore vel tyronibus notum ej? f duclam utcunque 
d punfio data reclam lineam, a circuti peripberid ita fecari> ut 
re&angulum duorum fegmentorum, inter punBum datum & utram- 
que peripheries partem interceptorum. Jit eidem conjlanti perpetuo 
aquale. Primus ego ojlendi, in eodem Aclorum Jun. pag. 265, 
banc proprietatem infinitis aliis curvis convenire, illamque adeo cir- 
culo non ejje effentiakm: arreptdbinc Occajione y propojui geometris 
determinandam Curvam f vel Curvas, in quibus non reclangulum, 
Jed Jolidum Jub una &* quadrato alterius Jegmentorum aquetur Jem- 
per eidem : Jed d nemine baBenus Jolvendi modus prodiit ; exbibe- 
bimus eum, quandocumque defiderabitur. Quoniam autem non nifi 
per Curvas tranjeendentes qucefita Jatisjacimus ; en aliud, cujus fo- 
lutio per mere algebraicas in nojlrd ejl potejlate, 

Quaeritur Curva ejus proprietatis, ut duo ilia Tegmenta, ad 
quamcunque potentiam datam elevata 8c limul fumta, faciant 
ubique unam eandemque fummam, 

Qajum JimpliciJTmum, exijlente Jcilicet numero potentia 1, ibidem 
in Aclis, pag. 266, jam Jolutum dedimus ; generalem verojoluttor 
nem, quam etiamnum premimus, anal0s eruendam relinquinws- 

Dabam Groninga, ip/is CaU Jan. 1697. 

Hactenus Bernoulli us, Problematum verb Jolutiones J^ nt 
bujujmodi. 

A dato 
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A dato puncto a, ducatur re&a in- 
^ finita, apcz, horizonti parallela; 8cfuper 

.J^-^\ eadem re£ta deferibatur, turn Cyclois 

quaecunque, aqp, rectae ab du&ae, 8c fi 
opus fit produclae, occurrens in pun&o 
q_, turn cyclois alia abc ; cujus bafis, 8c altitudo fit ad prioris ba~ 
fem 8c altitudinem refpective, ut ab ad aq. Et haec cyclois no- 
vilfima tranfibit per pun&um b, 8c erit curva ilia linea, in qui 
grave a puncto a ad punctum b vi gravitatis fuae citifiime perve- 
niet. Q.E.I. 

PROBLEMA H. 
Problema alterum, fi recte intellexi (nam, quze in Aclis LipJ. ab 
audtore citantur ad id fpectantia nondum 
vidi) fic proponi poteft. Quaeritur Curva 
kil ea lege, ut fi re6ta pkl a dato quo- 
dam puncto P, ceu polo, utcunque duca- 
tur, 8c eidem curvae in punctis duobus 
j( f K, 8c l occurrat; poteftates duorum ejus 

fegmentorum, pk, 8c pl, a dato illo punfto p ad occurfus illos 
duftorum, fi fint aeque altae, (id eft, vel quadrata, vel cubi, 
vel quadrato-quadrata, &c.) datam fummam pk? + pl? vel 
PK cub. + pl cub. See. (in omni recuse illius pofitione) confidant. 

S O L U T I O. 
Per datum quodvis pundum, a, ducatur re&a quaevis infinita 
pofitione data, ADB,rea» mobili pkl occurrens in d : 8c nominen- 
tur ad, x; 8c pk, vel pl, y; fmtque q_, 8c r quantitates ex quan- 
titation quibufcunque datis, 8c quantitate x quomodocunque con- 
ftantes, 8c relatio inter x, 8c y, definiatur per hanc xquationem 
yy + qj + R = o. Et fi R fit quantitas data, reftangulum fub feg- 
mentis pk 8c pl dabitur. Si o^fit quantitas data, fumma fegmen- 
torum illorum, fub fignis propriis conjunaorum, dabitur (•). 
Si ost- 2R datur, fumma quadratorum (pk? + pl?) dabitur. Si 
Q!-3QR data fit quantitas, fumma cuborum (pk cub. + pl cub.) 
dabitur. Si Qt - 4Q.QR + 2RR data fit quantitas, fumma quadrato- 

C) Sequuntur h« ex aotiffimo Theorcmate Girardi de coeffickmium proemtione. Vide 

Aruh.vniv.c.xvni. • quadratorum 
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qiaadralorum (?Kqq + ?tqq) dabitttr. Et fic deinceps in infini- 
tum ( a ). EfBciatur itaque tit r, qsl~2R, QJ-t^qr, &C data 
fint quantitates, & problems folvetur. Q. E. F. \ 

Adeundem modum Gurvaeinveniri poflimt, quae triayvel ptara 
abfcindent fegmenta, fimiles proprietates habentia. Sit aequatio 
^?-+ qj^ + rv + s = o, ubi q., r, Sc s, quantities fignificant ex 
quantitatibus quibufcunque datis-, 8c- quaxiptatt x utcunquec<M> 
ftantes, 8c Curva abfcindet tegmenta tria. • Et, ii s data fit quan^ 
titas contentum folidorum illorum trium dabitiir. Si Qifitjqaaa- 
titas data fumma trium illorum dabitur. Si Q£j- 2R. fit data quan- 
titas, fumma quadratorum ex tribus illis dabitur. 

' -■■ " iv. ■' '_■ ■ 

De rcttione temper is, quo grove labitur per reBam data duo punBa 
conjungentem ad tempus breviffimum, quo, v, t gravifatis, tranfit 
. ab bar urn uno ad alterum per arcum Cycloidis. 

T H E O RE MA. 1 

Si in Cycloide avd, cujus bafis ad ejl horizonii^paralkld % ver- 
tice v deorfum JpeBante, ex h ducatur utcunque re&a ab Cycloidi 
occurrens in b, ex quo ducatur re&a bc curva Cycloidis bd in b, 
normaliSy ad quant ex a demittatur perpendicularis reBa ac : dico 
tempusy quo grave e quiet e cadens ex a, vifua. gravitatis, decurrit 
reBam ab, effe ad tempus, quo percurrit curvam avb, ficut recla 
ab ad reBam ac. 

Per b ducatur bl, parallela Cycloidis axi ve; 8c BKj ball ad 
parallela occurrens axi in g, 8c, drcuio fuper diametrum EV de* 
fcripto, in f 8c h; Cycloidi denique- in K. Ducatur : re<5fca* B*> 
quae, ex Cycloidis natura, parallela eft reclae bc. Unde *M eft 
^qualis ef, 8c em aequalis bf ; quae, propter Cycloidem, aequatur, 
arcui yf ; / 8c proinde am eft aequalis arcui EftvF. 
• Per Prop. xxv. Par. II. Horologii Ofcilla-tQrii HuGEsni, tempus,. 
quo grave e quiete cadens percurrit ^av, eft ad tempus cafus per 
ev, ut femi-circuraferenti a ad diametrum ; 8c, per di&ge partis 
propofitionem ultimam, tempus, quo grave percurrit vb, poft 
decurfam av (nempe aequale tempori, quo grave percurrit KV,, 

f } Patent haec per for my las Girardi pro confummatkrac poteftatum e radicibui sequationam 
ncogaitis. Vide Arithmet. Univ. C. XVIII. Not. K 
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poft decurlam ak), eft ad tempus ttfpfus per av, 
ficut arcus vf adfemi^ircumferentfamt adeo- 
quc'ad tempus cafus per ev, ficut fv ad diame- 
trum, quare tempus, quo grave -perctrrit cur- 
vam avb, eft ad tempus cafus pef 'EVj ficut 
arcus ehvf, ad diametrum evt Sed, tempus cams per ev, eft ad 
tempus cafus per lb (five eg), ficut ev ad ef. Igirur, ex 32* 
quo, tempus, quo grave percurrit avb, eft ad terapurcaftfe '-per 
lb, ficut arcus ehvf ad fubtenfam ef ; hoc eft ut re&a am, ad 
re&am mb. Rurfus, tempus cafus per lb eft ad tempus lapfus 
per ab, ut lb ad ab. Ergo ratio temporis, quo grave percurrit 
avb, ad tempus quo percurrit ab, componitur ex ratione am ad 
mb, 8c ratione lb ad ba ; adeoque aequalis eft rationi am x lb ad 
MB x b A. Sed am x lb eft aequale mb x ac ; quia utrumque as- 
quatur duplo trianguli abm. Et igitur, tempus, quo grave e 
quiete cadens percurrit curvam Cycloidis avb, eft ad tempus, 
quo percurrit redtam a b, ficut mbxac, ad mb x ba ; id eft, ficut 
ac ad ab. Q. E.D. 

Similiterque procedet demonftratio, fi pun&um b, fit inter a 

& v. 

V. 

P ROB L E MAT I S 
Olim in Aftis Eradttorum Lipfiae propofitt 
SOL U T I O GENERALIS.. 

In A&is Eruditorum pro menfe OBobriznm 1698, pag. 471, 
D.Johannes Bernoullius haec fcripfit. Methodum, quam 
" optaveram generalem fecandi Curvas ordihatim pofitione datas, 
" five algebraicas, five tranfcendentales, in angulo reao, five 
" obliquo invariabili, five data lege variabili, tandem ex voto 
" erui; cui, Leibnitio approbatore, ne yft addi poteft ad 1 ul- 
« teriorem perfe&ionem, 8c vel ideo tantum quod perpetu6 ad 
« sequationem deducat: in qua fi interdum indeterminatae funt 
" infeparabiles, methodus non ideo imperfedior eft, non emm 
" hujus fed alius eft methodi indeterminatas feparare : rogamus 
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u igitur fratrem ut velit fuas quoque vires exercere in re tanti 
" moraenti. Sufcepti laboris non poenitebit, fi felix fucceflus 
" frudtu jucundo compenfaverit, Scio reliclurum fuum, quem 
" nunc tbvet, modum, qui in pauciflimis tantum exemplis adhi- 
" beri poteft." 

Hi tres viri celeberrimi fefe, jam ab annis quatuor vel quinque 
circiter, in fblvendis hnjufmodi problematibus exercuerant. Abf- 
que fpiritu divinandi eandem folutionem cum Bernoulliand tratlere 
difficile fuerit. Sufficit qu6d folutio fequens lit generalis, 8c ad 
sequationem femper deducat. 

; P R O B L E M A. 

gudritur mefbodus generalis inveniendi feriem Curvarum, qua Cur- 
*vas inferie alia qudcumque data conjlitutas, ad angulum vtl 
datum, vel data lege variabilem, fecabunt, 

S O L U T I O. 

Natura Curvarum fecandarum dat tangentes earundem ad in- 
terfe&ionum puncta quaecunque : & anguli interfectionum dant 
perpendicula Curvarum fecantium ; &c perpendicula duo coeuntia, 
per concurfum fuum ultimum, , dant centrum curvaminis Gurvae 
fecantis ad pundtum interfe&ionis cujufcunque. Ducatur abfcifla 
in fitu quocumqne commodo, &: fit ejus fluxio unitas ; 8c pofitio 
perpendiculi dabit fluxionem primam ordinatae ad Curvam quaefi- 
tam pertinentis ; 8c curvamen hujus Curvae dabit fluxionem fe- 
cundam ejufdem ordinatae. Et fic problema femper deducetur ad 
sequationes. Quod erat faciendum. 

S C H O L I U M. 

Non hujus, fed alius eft methodi sequationes Teducere, 8c in- 
determinatas feparare ; abfomte, fi fieri poflit ; fin minus, per fe- 
ries infinitas. Problema hocce, cum nullius fere fit ufus, in 
Affis Eruditorum annos plures negleaum 8c infolutum manfit. 
Et eadem de cauft folutionem ejus non ulterius profequor. 
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PROPOSITION I. 



If a body, projeBed in a given direSlion, be conflantly drawn to* 
wards two fixed points, wbicb are not both in the fame plane 
with the dire&ion, it flail defer ibe, by lines drawn from the two 

fixed points, equal folids in equal times, about the line joining tbe 

f aid points. 

SUPPOSE a body projected in the direction ap (fig. i.) and 
acted upon by two centripetal forces towards the fixed points 




t and s ; and the angles p as, p at in different planes-. Imagine 
fche time divided, into equal moments ;, and in the firft moment 

die 



OF MOTION ABOUT 

the body, by its given force, fhould move through the line ap • 
likewife in the fecond moment, if no new force was added, it 
fhould continue to move in the fame ftrait line through pb = ap. 
But when the body has come to p, fuppofe it acted upon by two 
centripetal forces, in the directions pt, ps. Suppofe thefe forces 
in proportion to that in the direction ap, as the lines pw, and 
vn, to the line ap = pb ; and with the three lines pb, p«, vm, 
compleat the parallelepipid ?p ; and the body in p being acted 
on by thefe three forces, in the directions pb, vm, p», which 
forces are as thefe three lines, it fhall move through the diago- 
nal of the parallelopipid made on thefe lines ; that is, in the fe- 
cond moment of time the body, inftead of moving from p to b, 
mall move from p to p. And drawing the lines sp, rp, and sa, 
ta, i fay the folid spt/> is equal to the folid satp. 

Draw the lines sb, tb. The folids sptb, spt/>, having the 
lame bafe spt, and being between the fame parallel planes nm 
and b/>, are equal. Again, the folids sptb, spt a, are equal; 
becaufe being on the fame bafe spt, they have equal altitudes. 
(Letting fall perpendiculars from the points b and a, upon the 
fame plane spt, in which from thefe perpendiculars, drawing 
lines to the points a and b, there are two right-angled triangles, 
with one fide equal, viz. pb = ap; and one acute angle equal, 
viz. the inclination of the line ab to the plane spt, therefore the 
perpendiculars are equal, which are the altitudes of the two fo- 
lids spTB,spTA).Therefore the folids spt/>, s atp, are equal. Q.E.D. 

In like manner, in the third moment of time, the body at p, 
being acted on by three forces in the dire&ion vp, pr, ps, mall 
move through the line pq, fo as to make the folids, spt/>, sprq, 
equal. And fo in every other moment of time, the body fhall 
defcrihe, by lines drawn from the two fixed points t and s, a 
little folid equal to the folid satp. 

Thus then the moments of the folid defcribed by the rays 
drawn from the fixed points, t, s, to the moving body, being 
proportional to the moments of time, it follows, that the folid it- 
felf is proportional to the time in which it is defcribed. Q. E. D. 
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PROP. II. 

If a body, acled upon by two centripetal forces, as above, revolve 
in a curve round the line joining tbefe two centers, its velocity in 
any point of the curve Jb all be reciprocally proportional to a reel- 
angle of the perpendicular from one of the centers upon the tan- 
gent to the given point in the curve, and the perpendicular from 
the other center upon the plane of the aforefaid perpendicular and 
tangent. 

Let the body p move in the curve vp (fig. 2.) round the line 
Ts, joining the two centers of attraction s and t. Let pz be a 




tangent to the curve in p ; upon which, . from t, let fall the per- 
pendicular tz ; and upon the plane of the lines tz, zp let fall 
from s the perpendicular sm ; and the velocity of the body in p 
lhall be reciprocally as the rectangle tzxsm. 

Suppofe in a moment of time the body moves fromp to/>, 
draw the lines ps and pT. The time being given, the velocity 
is directly as the fpace ; that is, the velocity of the body at p is 
directly as the line vp. 

Again, the time being given, the folid tp/>s, which is pro- 
portional to the time (by the preceding Propofition) is alfo given. 
But the folid tp/>s is proportional to the bafe multiplied by the 
perpendicular altitude, that is, to the triangle tp/>, into the per- 
pendicular altitude sm. The triangle tp^> is proportional to 
3 V P* 



OF MOTION ABOUT 
Tpxrz, therefore the folic! tp/>s is proportional to p/>xtzxsm. 
And this being a given quantity, p/> becomes reciprocally pro- 
portional to tz x sm, that is, the velocity is reciprocally as the 
rectangle tzxsm. Q. E. D. 

PROP. III. 

If a body, attracted by two fixed points t, s (fig. 3.) revoke in a 
curve, it pall, with a ray drawn from one of tbefe points, t, to 
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any point in the curve, in, equal moments of time, defcribe tin- 
equal areas, wbofe differences Jhall be as the attraclive force to- 

I'M 

wards the other point s, multiplied into the line tz x — ; pm be- 
ing a tangent to the curve in the given point p, and tz, sm, 
perpendiculars from t and s upon this tangent, 

Suppofe the body in the point p, acted on in the direction ?c, 
vm, vn, with forces proportional to thefe lines. By the forces 
vc, and vm, it fhould move through va, the diagonal of the pa- 
rallelogram mvc ; and with the forces va and ?n it mould move 
through vp, the diagonal of the parallelogram avn. Draw the 
lines ct, ar, pi ; defcribe the arch pb with the radius vp, and 
draw br. I fay, the difference of the triangles vct, var, is pro- 
portional to vn x tz x — . 

The triangles vct, var, being between the fame parallelas vtn, 
ca, are equal. — Again, the triangle p/>t = p£t, becaufe the fides 
vp, vb, are equal, and the angle />pt common (the angle bvp be- 
ing infinitely fmall) therefore vp'T — vct — vbr - vaT = abT. But 
the triangle abT is as the bafe ab x into the perpendicular alti- 
tude tz. And the triangles apb, spm, right-angled at M and b, 

have 
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have the angle pad = the angle spm (the lines vs, ap, and pm, p/>, 
p£, being fuppofed parallel) therefore they are limilar, that is, 
vs : pm : : ap : ab. Therefore ab = apx ^ : and the triangle abr 

is as = p«xtzx-. Q. E. D. 

Now the difference of the triangles vcr, p/»t, is the difference 
of the areas defcribed by the body p, with the ray pt in the fame 
moment of time. Therefore the body p, thus conitantly acted 
upon by two centripetal forces, mail revolve in a curve ; deferr- 
ing about one of thefe centers, in equal moments of time, un- 
equal areas, whofe difference is proportional to the area /xtzx-- 
Q. E. D. (Calling the attraction towards s, the other center, /.) 
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L E T T E R S, &c, 



S I R, 

HEN I wrote my Treatife about our Syftem, I had an 
eye upon fuch principles as might work with confider- 
ing men, for the belief of a Deity; and nothing can rejoice me 
more than to find it ufeful for that purpofe. But if I have done 
the public any fervice this way, it is due to nothing but'induf- 
try and patient thought. 

As to your firft Query, it feems to me, that if the matter 6F 
our fun and planets, and all the matter of the ^feiverfe, were 
evenly fcattered throughout all the heavens, and every particle* 
had an innate gravity towards all the reft, and the whole fpace^ 
throughout which this matter was fcattered, Was but finitte ; ' th^ 
matter fcn the outfide of this fpace would by its gravity tend to-* 
wards all the matter on the infide, and by confequence fall down 
into the middle of the whole fpace, and there compofe one great 
fpherical mafs. But if the matter was evenly difpofed through : 
out an infinite fpace, it could never convene into one mafs ; but 
fome of it would convene into one mafs and fome into another, 

fo 




43° LETTERS 
J^er fo as to make an infinite number of great mafies, Mattered at 
great diftances from one to another throughout all that infinite 
fpace. And thus might the fun and fixed ftars be formed, fup- 
pofingthe matter were of a. Irodjiature. But how the matter 
ihould divide itfelf into two forts ; and that part of it, which is 
fit to compofe a Ihining body, ftiould fall down into one mafs 
and make a fun; and the reft, which is fit to compofe an opake 
body, fhould coalefce, not into one great body, like the mining 
matter, but into many little ones : Or if the fun at firft were an 
opake bod^lile the, planets, orhhe 'plane* luci3 bodies like the 
fun, how he alone fliould be changed into a Ihining body, whilft 
all they continue opake ; or all they be changed into opake ones, 
whilft he remains unchanged; I do not think explicable by meer 
natural caufes, but am forced to afcribe it to the counfel and con- 
trivance oT a "voluntary Agent. " 

The fame power, whether natural or fupcrnatural, which 
placed the fun in the center of the fix primary planets, placed 
Saturn in the center of the orbs of his five fecondary planets; 
and Jupiter in the center of his four fecondary planets ; and the 
^ rtl M» fhe r center pf the moon's orb; and therefore, liad thiy 
caufe been^ tyind one without contrivance or defign, the nth 
would -haye, .been a body of the fame kind with Saturn, Jupiter, 
and the earth; that is, without light or heat. Why there is one 
body ip .o,\F fyftem .qualified to- give light and heat to all the reft, 
I know no reafon, but becaufe the author of the fyftem thought 
"kfWEW^r f"* 1 wh ,y the J' e ^ but one body of this tend, t 
know no rcifoq, .but^ecaule one was fufficient to warm and en- 
hghteiv ail the feft. For the Cartefian hypothefis of funs lof- 
thejr light, and then turning into comets, and comets into 
planets* can, have no -pi ace in my Syftem, and is plainly errone- 
ous : : becaufe it is certain, that as often as they appear to us, they 
defcendioto the fyftem of our planets, lower than the orb of Ju- 
piter, and fometimes lower than the orbs of Venus and Mercury, 
and yet never ftay here, but always return from the fun with the 
fcroe .degrees of motion by which they approached him. 



To 
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To your feeond Query I anfwer, that the motions, which tht lm«» 
planets now have, could not fpring from any natural caufe alone, 
but were impreffed by an intelligent Agent. For frnce comets 
detcend into the region of ourplanetSj and here move all manner 
of ways, going fometimes the fame way with the planets, fome- 
times the contrary way, and fometimes incrofs ways, the planes 
inclined to the plane of the ecliptick, and at ail kinds of angle?, 
it is plain that there is no natural caufe which could determine all 
the planets, both primary and fecondary, to move the fame way 
and in the fame plane, without any confiderable variation s this 
muft have been the effect of counfel. Nor is there any natural 
caufe which could give the planets thofe juft degrees of velocity, 
in proportion to their diftances from the fun, and other central 
bodies, which were reqnifite to make them move in fuch con- 
centriek orbs about thofe bodies. Had the planets been as fwift 
as comets, in proportion to their diftances from the fun (as they 
would have been, had their motion been caufed by their gravity, 
whereby the matter, at the firft formation of the planets, might 
fall from the remoteft regions towards the fun) they would not 
move in concentrick orbs, but in fuch eccentrick ones as the co- 
mets move in. Were all the planets as fwift as Mercury or as 
flow as Saturn or his fatellites ; or were their feveral velocities 
otherwife much greater or lefs than they are, as they might have 
been, had- they arofe from any other caufe than their gravities ; 
or had the diftances from the centers, about which they move, 
been greater or lefs than they are with the fame velocities ; or 
had the quantity of matter in the fiinj or in Saturn* Jupiter •, and 
the earth, and by confequence their gravitating power been 
greater or lefs than it is ; the primary planets could not have re- 
volved about the fun, nor the fecondary ones about Saturn, Jupi- 
ter and the Earth, in concentrick circles as they do, but would 
have moved in hyperbolas or parabolas, or in ellipfes very eccen- 
trick. To make this fyftem, therefore, with all its motions, re- 
quired a caufe which underftood, and compared together,, the 
quantities of matter in the feveral bodies of the fun and planets, 
and the gravitating powers refulting from thence ;**he fevesal 
diftances oP the primary planets from the fun, and of the fe- 
condary 
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LtTTe* condary ones from Saturn, Jupiter, and the Earth ; and the ve- 
locities, with which thefe planets could revolve about thofe quan- 
tities of matter in the central bodies ; and to compare and adjuft 
all thefe things together in lb great a variety of bodies, argues 
that caufe to be not blind and fortuitous, but very well {killed in 
mechanicks and geometry. 

To your third Query 1 aufwer, that it may be reprefented that 
ithe fun may, by heating thofe planets molt which are neare<t to 
him, catife them to be better concocled, and more condenfed by 
that concoction. But when I conlider that our earth is much 
more heated in its bowels below the uppct cruft, by fubterraneous 
fermentations of mineral bodies than by the fun ; 1 fee not why 
the interior parts of Jupiter and Saturn' might not be as much 
-heated, concofted, and coagulated by thofe fermentations as our 
earth is : and therefore this various denlity fhould have fome 
other caufe than the various diftances of the planets from the 
fun. And I am confirmed in this opinion by.confidering, that 
the planets of Jupiter and Saturn, as they are rarer, than the 
reft, fo they are vaftly greater, and contain a far greater quanti- 
ty of matter, and have many fatellites about them ; which qua- 
lifications furely arofe not from their being placed at fo great a 
diftance from the fun, but were rather the caufe why the Crea- 
tor placed them at great diftance. For by their gravitating pow- 
ers they difturb one another's motions very fenlibly, as I find by 
fo:ne late obfervations of Mr. Flamjieed; and had . they been 

• placed much nearer to the fun and to o le another, they would by 
the fame powers have canfed a t onfi lerable difturbance in the 
whole fyftern. 

To your fourth Query 1 anfwer, that, in the hypothefis of vor- 
tices, the inclination; of the axis of the earth might, in my opi- 
nion, be afcribed to the fitnation of the earth's vortex before it 
was abforbed by the neighbouring vortices, and the earth turned 

• from a fun to a comet ; but this inclination ought to decreale 
conftantly m compliance with the motion- of the earth's vortex, 
whofe axis is much lefs inclined to the ecliptkk ; as appears by 
the motion of the moon carried about therein. If the fun by 
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his rays could carry about the planets, yet I do not fee how heLur 
could thereby effect their diurnal motions. FIRS 

Laftly, I fee nothing . extraordinary in the inclination of the 
earth's axis for proving a Deity; unlefs you will urge it as a con- 
trivance for Winter and Summer, and for making the earth ha- 
bitable towards the poles ; and that the diurnal rotations of the 
fun and planets, as they could hardly arife from any caufe pure- 
ly mechanical, fo by being determined all the fame way with 
the annual and menftrual motions, they feem to make up that har- 
mony in the fyftem, which, as I explained above, was the effecl: 
of choice, rather than chance. 

There is yet another argument for a Deity, which I take to be 
a very ftrong one ; but till the principles on which it is ground- 
ed are better received, I think it more advifeable to let it fleep. 



I am, &c; 



Cimbri Jge, 
Dec. le, 1692. 
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SIR, 

Letter I AGREE with you, that if matter, evenly diffufed through 
a finite fpace, not fpherical, fliould fall into a folid mafs, this 
mafs would affe&the figure of the whole fpace, provided it were 
not foft, like the old chaos, hut fo hard and folid from the be- 
ginning, that the weight of its protuberant parts could not make 
it yield to their preflure. Yet by earthquakes loofening the 
parts of this folid, the protuberances might fometimes fink a lit- 
tle by their weight, and thereby the mafs might, by degrees, ap- 
proach a fpherical figure. 

The reafon why matter evenly fcattered through a finite fpace 
would convene in the midft,, you conceive the fame with me ; 
but that there fliould be a central particle, fo accurately placed 
in the middle, as to be always equally attracted on all fides, and 
thereby continue without motion, fecms to me a fuppofition fully 
as hard, as to make the fharpeft needle ftand upright on its point 
upon a looking-glafs. For if the very mathematical center of 
the central particle be not accurately in the very mathematical 
center of the attractive power of the whole mafs, the particle 
will not be attraaed equally on all fides. And much harder it 
is to fuppofe all the particles in an infinite fpace fliould be fo ac- 
curately poifed one among another, as to ftand ftill in a perfect 
equilibrium. For I reckon this as hard as to make, not one nee- 
dle only, but an infinite number of them (fo many as there are 
particles in an infinite fpace) ftand accurately poifed upon their 
points. Yet I grant it poffible, at leaft by a Divine Power ; and 
if rhey were once to be placed, I agree with you, that they would 
continue in thatpofture without motion for ever, unlefs put into 
new motion by the fame power. When therefore I laid, that 
matter, evenly fpread through all fpace, would convene by its 

gravity 
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gravity into one or more great maffes, I underftand it of matter Better 
not relifting in an accurate poife. 

But you argue, in the next paragraph of your letter, that 
every particle of matter, in an infinite fpace, has an infinite 
quantity of matter 011 all fides, and by confequence an infinite 
attraction every way, and therefore mnft reft in equilibrio, be- 
eaufe all infinites are equal. Yet you fufpeft a paralogifm in this 
argument ; and I conceive the paralogifm lies in the pofition, 
that all infinites are equal. The generality of mankind confi- 
der infinites no other ways than indefinitely ; and in this fenfe, 
they fay all infinites are equal ; though they would fpeak more 
truly if they fliould fay, they are neither equal nor unequal, 
nor have any certain difference, or proportion one to another. In 
this fenfe, therefore, no conclufions can be drawn from them, 
about the equality, proportions, or differences of things ; and 
they that attempt to do it, ufually fall into paralogifms. So when 
men argue againft the infinite divisibility of magnitude, by fay- 
ing, that if an inch may be divided into an infinite number of 
parts, the fura of thofe parts will be an inch ; and if a foot may 
be divided into an infinite number of parts, the fum of thofe 
parts mull be a foot ; and therefore fince all infinites are equal, 
thofe fums rauft be equal, that is, an inch equal to a foot ; 
the falienefs of the conclufion (hews an error in the premifes : 
and the error lies in the pofition, that all infinites are equal. 
There is therefore another way of confidering infinites, ufed by 
mathematicians, and that is under certain definite reftriftions and 
limitations, whereby infinites are determined to have certain dif- 
ferences or proportions to one another. Thus Dr. Walfis consi- 
ders them in his Aritbmctica Infinitorum\ where, by the various 
proportions of infinite fums, he gathers the various proportions 
of finite magnitudes : which way of arguing is generally al- 
lowed by mathematicians, and yet would not he good, were all 
infinites equal. According to the fame way of confidering infi- 
nites, a mathematician would tell you, that though there be an 
infinite number of infinite little parts in an inch, yet there is 
twelve times that number of fuch parts in a foot ; that is, the in- 
finite number of thofe parts in a foot is not equal to, but twelve 

Kk k 2 times 
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Letter times bigger than the infinite number of them in an inch. And 
second* ^ ^ mathematician will tell you, that if a body flood in equili- 
brio between any two equal and contrary attracting infinite forces 
and if to either of thefe forces you add any new finite attracting 
force ; that new force, how little foever, will deftroy their equi- 
librium, and put the body into the fame motion into which it 
would put it, were thofe two contrary equal forces but finite, or 
even none at all : fo that in this cafe the two equal infinites, by 
the addition of a finite to either of them, become unequal in 
our ways of reckoning ; and after thefe ways we muft reckon, 
if from the confiderations of infinites we would always draw 
true conclusions. 

To the laft part of your letter I anfwer, firft, that if the earth 
(without the moon) were placed any where with its center in the 
Orbis Magnus, and flood ftill there without any gravitation or 
projection, and there at once were infufed into it, both a gravi- 
tating energy towards the fun, and a tranfverfe impulfe of ajuft 
quantity moving it directly in a tangent to the Orbis Magnus; 
the compounds of this attraction and projection would, according 
to my notion, caufe a circular revolution of the earth about the 
fun. But the tranfverfe impulfe muft be a juft quantity ; for if 
it be too big or too little, it will caufe the earth to move in fome 
other line. Secondly, i do not know any power in Nature which 
would caufe this tranfverfe motion without the Divine arm. Blon- 
de! tells us fomewhere in his book of Bombs, that Plato affirms, 
that the motion of the planets is fuch, as if they had all of them 
been created by God in fome region very remote from our fyf- 
tem, and let fall from thence towards the fun, and fo foon as 
they arrived at their feveral orbs, their motion of falling turned 
afide into a tranfverfe one. And this is true, fuppofing the gra- 
vitating power of the fun was double, at that moment of time 
in which they all arrive at their feveral orbs ; but then the Di- 
vine power is here required in a double refpect, namely, to turn 
the defcending motions of the falling planets into a fide motion, 
and at the lame time to double the attractive power of the fun. 
So then gravity may put the planets into motion, but without the 
Divine Power it could never put them into fuch a circulating mo- 
tion, 
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iron, as they have about the fun ; and therefore for this, as well Letter 
as other reafons, I am compelled to afcribe the frame of this fyf- SEC0 * D ' 
tern to an intelligent Agent. 

You fometimes fpeak of gravity as eifential and inherent to 
matter. Pray do not afcribe that notion to me ; for the caufe of 
gravity is what I do not pretend to know, and therefore would 
take more time to confider of it. 

I fear what I have fuid of infinites will feem obfeure to you; 
but it is enough if you understand that infinites, when confider- 
ed abfolutely without any reftriction or limitation, are neither 
equal nor unequal, nor have any certain proportion one to an- 
other ; and therefore the principle that all infinites are equal, is a 
precarious one. 

t am, Sir, &Cr 

Trinity College, 
Jan. 17, i&9a«3.. 
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BECAUSE you defire fpeed, I will anfwer your letter with 
what brevity I can. In the fix pofitions you lay down in the be- 
ginning of your letter,. I agree with you. Your affuming the 
Orbis Magnus 7000 diameters of the earth wide, implies the 
fun's horizontal parallax to be half a minute. Flamjleed and 
Caffini have of late obferved it to be about 10", and thus the 
Orbis Magnus muft be 21,000, or in a rounder number 20,000 
diameters of the earth wide. Either computation I think will 
do well, and I think it not worth while to alter your numbers. 

In the next part of your letter you lay down four other pofi- 
tions founded upon the fix firft. The firft of thefe four feems 
verv evident; fuppofing you take attraction fo generally, as by it 
to underftand any force, by which diftant bodies endeavour to 
come together without mechanical impulfe. The fecond feems 

not 
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Ltnu not fo clear. For it may be faid, that there might be other fyf. 
THIRD * terns of worlds before the prefent ones, and others before thofe, 
and fo on to all pall eternity ; and by confequence, that gravity 
may be co-eternal to matter, and have the fame effect from all 
eternity as at prefent ; unlefs you have fomewhere proved, that 
old fyftems cannot gradually pafs into new ones ; or that this fyf- 
tem had not its original from the exhaling matter of former de- 
caying fyftems, but from a chaos of matter evenly difperfed 
throughout all fpace. For fomething of this kind, I think, yon 
fay was the fubject of your fixth Sermon ; and the growth of 
new fyftems out of old ones, without the mediation of a Divine 
Power, feems to me apparently abfurd. 

The laft claufe of the fecond polition I like very well. It is 
inconceivable, that inanimate brute matter fhould, without the 
mediation of fomething elfe, which is not material, operate. up- 
on, and affect other matter without mutual contact ; as it muft 
do, if gravitation, in the fenfe of Epicurus, be eflential and in- 
herent in it. And this is one reafon, why I defired you would 
not afcribe innate gravity to me. That gravity mould be innate, 
inherent and eflential to matter, fo that one body may act upon 
another at a diftance through a vacuum, without the mediation 
of any thing elfe, by and through which their action and force 
may be conveyed from one to another, is to me fo great an ab- 
furdity, that I believe no man who has in philofophical matters a 
competent faculty of thinking, can ever fall into it. Gravity 
mult be caufed by an agent acting conftantly according to certain 
laws ; but whether this agent be material or immaterial, I have 
left to the confideration of my readers. 

Your fourth afllrtion, that the world cculcl not be formed by 
annate gravity alone, you confirm by three arguments. 1'nt in 
your firft argument you feem to make a Petitio Principu ; for 
whereas many ancient philoibphers and others, as well Theifts 
as Atheifts, have all allowed, that there may be worlds and par- 
cels of matter innumerable or infinite, you deny this, by repre- 
fenting it as abfurd, as that there fhould be pofitfvcly an infinite 
arithmetical fum or number, which is a contradiction in iiwbiis\ 
.but you do not prove it as abfurd. Neither do vou prove, tl at 

what 



TO DR. B E N T L E Y. 

what men mean by an infinite fum or number, is a contradiction t* 
in nature; for a contradiction in ter minis implies no more than an 
impropriety of fpeech, Thofe things, which men understand by 
improper and contradictious phrafes, may be fometimes really in 
Nature without any contradiction at all : a filver irkhorn, a pa- 
per lanthorn, an iron whetftone, are abfurd phrafes ; yet the 
things fignified thereby are really in Nature. If any man fliould 
fay, that a number and a fum, to fpeak properly, is that which 
may be numbered and fummed, but things infinite are nmuber- 
Iefs, or, as we ufually fpeak, innumerable and fumlefs, or in- 
fummable, and therefore ought not to be called a number or 
fum; he will fpeak properly enough, and your argument againft 
him will, I fear, lofeits force. And yet if any man lhall take 
the words, number and fum, in a larger fenfe, fo as to under- 
ftand thereby things, which in the proper way of fpeaking are 
numberlefs and fumlefs (as you feem to do when you allow an 
infinite number of points in a line) I could readily allow him the 
ufe of the contradictious phrafes of innumerable number, or 
fumlefs fum, without inferring from thence any abfurdity in the 
thing he means by thofe phrafes. However, if by this, or any 
other argument, you have proved the finitenefs of the univerfe, 
it follows, that all matter would fall down from the outfides, and 
convene in the middle. Yet the matter in falling might concrete 
into many round maffes, like the bodies of the planets ; and. 
thefe, by attracting one another, might acquire an obliquity of* 
defcent, by means'of which they might fall, not upon the great 
central body, but upon the fide of it, and fetch a compafs about, 
and then afcend again by the fame fteps and degrees of motion 
and velocity with which they defcended before, much after the 
manner that the comets revolve about the fun ; but a circular 
motion in concentrick orbs about the fun, they could never ac- 
quire by gravity alone. 

And though all the matter were divided at fir ft into feveral 
fyftems, and every f>ftem by a Divine Power conftituted like ours ; 
yet would the out fide iy items defcend towards the middlemoft ; 
fothat this frame of things could not always fubfift without a. 

Divine 
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letter Divine Power to conferve it, which is the fecond argument ; and 
to your third I fully affent. 

As for the paflage of Plato, there is no common place from 
whence all the planets being let fall, and defcending with uni- 
form and equal gravities (as Galileo fuppofes) would at their ar- 
rival to their feveral orbs acquire their feveral velocities, with 
wdiich they now revolve in them. If we fuppofe the gravity of 
all the planets towards the fun to be of fuch a quantity as it re- 
ally is, and that the motions of the planets are turned upwards, 
every planet will afcend to twice its height from the fun. Sa- 
turn will afcend till he be twice as high from the fun as he is at 
prefent, and no higher; Jupiter 'will afcend as high again as at 
prefent, that is, a little above the orb of Saturn ; Mercury will 
afcend to twice his prefent height, that is, to the orb of Venus \ 
and fo of the reft; and then by falling down again from the 
places to which they afcended, they will arrive again at their fe- 
veral orbs with the fame velocities they had at firft, and with 
which they now revolve. 

But if fo foon as their motions by which they revolve are 
turned upwards, the gravitating power of the fun, by which 
their afcent is perpetually retarded, be diminimed by one half, 
■they will now afcend perpetually, and all of them at all equal 
diftances from the fun will be equally fwift. Mercury, when he 
• arrives at the orb of Venus, will be as fwift as Venus ; and he 
and Venus, when they arrive at the orb of the Earth, will be as 
fwift as the Earth ; and fo of the reft. If they begin all of them 
to afcend at once, and afcend in the fame line, they will con- 
ftantly, in afcending, become nearer and nearer together, and 
their motions will conftantly approach to an equality, and become 
at length flower than any motion aflignable. Suppofe, there- 
fore, that they afcended till they were almoft contiguous, ,and 
their motions incGnfiderably little, and that all their motions were 
at the fame moment of time turned back again.; or, which comes 
almoft to the fame thing, that they were only deprived of their 
motions, and let fall at that time, they would all at once arrive 
at their feveral orbs, each with the velocity it had at firft ; and if 
itheir motions were then turned fideways, and at the fame time 

the 
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the gravitating power of the fun doubled, that it might be ftrongLiETT»* 
enough to retain them in their orbs, they would revolve in them™'*"' 
as before their afcent. But if the gravitating power of the fun 
was not doubled, they w r ould go away from their orbs into the 
higheft heavens in parabolical lines. Thefe things follow from 
my Princip. Math. Lib. I. Prop, xxxin, xxxix, xxxv, xxxvi. 

I thank you very kindly for your dellgned prefent,. and reft 
yours, S;c. 



LETTER IV. 

Cambridge, 

§ 1 K, Feb ii, 1693. 

THE hypothefis of deriving the frame of the world, byme-Ln-TE* 

V. t U FOURTH. 

chanical principles, from matter evenly fpread through the hea- 
vens, being inconfiftent with my fyftem, I had confidered it very 
little before your letters put me upon it, and therefore trouble 
you with a line or two more about it, if this comes not too late 
for your ufe. 

In my former I reprefented, that the diurnal rotations of the 
planets could not be derived from gravity, but required a Divine 
Arm to imprefs them. And though gravity might give the pla- 
nets a motion of defcent towards the fun, either dire&ly or with 
fome little obliquity, yet the tranfverfe motions by which they 
revolve in their feveral orbs, required the Divine Arm to imprefs 
them according to the tangents of their orbs. I would now add, 
that the hypothefis of matter's being at firft evenly fpread through 
the heavens, is, in my opinion, inconfiftent with the hvpothefis 
of innate gravity, without a fupernatural power to reconcile them ; 
and therefore it infers a Deity. For if there be innate gravity, 
it is impoflible now for the matter of the Earth and all the pla- 
nets and flats to fly up from them, and become evenly fpread 
throughout all the heavens, without a fupernatural power; and 
certainly that which can never be hereafter without a fupernatu- 
ral power, could never be heretofore without the fame power. 

Vol. IV. L 1 1 You 
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You queried whether matter, evenly fpread throughout a fi- 
nite fpace, of fome other figure than fpherica}, would not in* 
falling down towards a central body, caufe that body to be of the 
fame figure with the whole fpace; and I anfwered, yes. But in 
my anfwer it is to be fuppofed that the matter defcends dire<% 
downwards to that body, and that that body has no diurnal m- 
tation. 

This, Sir, is all I would add to my former letters. 



I am yours, Sec. 



C 0 M 
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QUM pmmum Cmtmrcium Epijtolicum lucem vidft, D. Leibnitius 
Vienna agms, ut librum fne refponfo dimitteret, pratendit per 
henmumfe eundem non vidiffe, fed ad judicium primarii Matbe- 
matici, & barum return peritijjimi, & a partium Judio alieni fe 
provocate* Et fententiam ejus, 7 j tin. 1 7 1 3, datum, Jcbedula vo- 
lanti 2% Julii data inclufam, per orbem fparjit, fine nomine vel 
Judicis, vel lmpre£bris,velVrbis in qua imprejfa fuit, Etfubjinent 
anni 17 15, in Uteris quas ad Abbatem de Comitibus tunc Londini 
agentemfcripftt, confugit ad guajiones novas de %ualitatibus occul- 
tis, gravitate umiver/ali) Miraculis, Organis& Senforio Dei,fpatio, 3 
tempore, Vacuo, Atomis, PerfeSione mundi, & Intettigentid fu- 
pramundand; & Problema ess Aclis Eruditorum defumpmm pro- 
pofuit ab Analyftis Anglis fohendum. omnia ad rem nW 

fpeclant* 

Sed ^ Confeffum d Regid Societate conflitutum ) qui Commer- 
cium ex antiquis monumentis ediderant, accufavit, quaft partibus 
Jhtduijent; & t liter as antiquas edendo, omijiffent omnia qua vel pro 
ipfa vel contra Newtommi facerenh Et ut hoc proharet, fcripftt 
is. in prima Jud ad Abbatem epijiold, quod infecundofuo in Angli-^ 
amitinere, Collinuis ojlenderit ipfi partem CommerciiJui\ in qua 
Newtonus agnofcebat ignorantiam Juam in pluribus, dicebatque 
1 (in ten 
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{inter alia) quod nihil inveniffet circa dimenftones Curvilinearum 
qua celebrantur, prater dimenjionem Cijfoidis : fedConfeffus boo t ' 
4umfupprejjit. Et Newtonus, in Epijlold fud ad diaum Abbatem 
26 Feb. 1 7 i| datd, rzfpondit, bm > mn fmffe vmijfum, fed extare 
4n Epifloldjua ad Oldenburgum 24 G&ob. 1676 miffd, &> impref 
fum fuiffe in Commercio Epi/iolico pag. 74, li n . 10, 11. Etfui 
/>z^ Leibnitius, in proximdfud ad Abbatem ilium Epi/iold Apr 0 
1 7 1 9 datd, agnovitfe erraffe. Sed, inquit, exemplum dabo ali- 
ud. Newtonus in una- Epiftolarurn ejus ad Collinium agnovit, f e 
non pone invenire magnitudinem fedtionum fecundaram (vel 
fegmentorum fecundorum) fphaeroidum & corporum fimilium- 
fed ConfelTus hunc locum, vel hanc Epiftolam, minime edidit. 
Ne^tanus axtem, in Gbfervafhnibus Was in tunc Ldt>nitii EMo- 
lam fcripfit^ refpondit : ft Confcjus hoc omijyjet, reBe omnino otnif 
fum fuiffe, cum hujufmodi cavillationes ad nua/iionem, de qudagitur, 
nilfpeaent : fed Confejum hoc minimi omifijfe. Collinius, in Epif- 
tolu ad D. Gregorium 2^ Decern. 1 67b, ut in altera ad ZX 
Bertet 1671 {utrifqm impress in. Commercio, p. 24* 26) fcripft 
•quod Metbodus Newtoni/* extehderet ctd JecundaSMdorum fsgmn- 
ta, qua per rotationem g'enerantur. Et Oldenburgrus idem fcripft 
^Leibmtium ipfum S Dec. 1674, ut videre eflin Commercio, 
pag* 39- Leibnitius igHur iterum errtrtiu Nam Min-^ranf 
aatombus Philofophicis pro J m .& I7l8> ^ ^ dkitur 
quodAbbas .de Cowitibus per hotfas aKquot irrfpexit Epiltalas: anti- 
quas, & Libros Epiftolarurn in Archivis R. Sbcietatis aiiervatos, ut 
ahquid inveniret, quod vel pro Leibniiio, vel contra NeMtonnm fa- 
ceret, 8c in Comriiercio Epiftolico oouffum fuiffet; fed ejus ge- 
neris nihil invenire potuit. 

Infuper L). Leibnitius, ut Commercium Epiflalicum fine refyonfo 
dmutteret, in primd fud ad Abbatem de Comitibus Epiflold dixit, 
eosy qui contra ip/km fcripft Regia SocieMe 

ejus aggreffbs effe per interpretamnes dWOP 
<f male Jundatasy voluptdtemnon babitttros effe videndi refpoti- 
ja ejus ad pufdlas rationes eorum, qui Us tarn male Utuntur. Inter- 
pretationes til* nullius quidem funt anaoritatis, nifi quam ab Epif 
fvlis derwant} fed mall fundatas effe Leibnitius nunquam ofiendit. 
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. Subinde vera Newtonus, qui agre adduBus eft ut fcriberet, in 
primd fud ad Abbatem Epiflold 1 6 Feb. 1 7 1 1 ita refcripft. D. Le- 
ibnitius haftenus refpondere recufavit, bene intelligens impofli- 
bile effe res factas refutare. Silentium fuum hac in re excufatv 
poetexens fe librum nondum vidiffe, 8c otium illi non effe ad 
examinandum, fed fe oraffe Mathematicum celebrem, ut hoc ne- 
gotium in fe fufciperet. — Utitur 8c novo praetextu ne refpondeat, 
dicens quod Angli voluptatem non habebunt videndi refponfa 
ejus ad pufillas eorum rationes, 8c proponens difputationes novas 
Philofophicas ineundas 8c problem at a folvenda : quae duo ad rem 
nil fpe&ant. D. Leibnitius autem, in proximd fud ad Abbatem 
Epiflold^ Apr. 17 16 data, pergebat fe excufarene refpondeat. Ut 
operi, inquit, contra me edito figillatim refpondeam, opus erir 
alio opere non minore quam hoe eft; percurrendum erit corpus- 
magnum Hiinutorum ante annos 30 vel 40 praeteritoruni, quo- 
mm perparvuni reminifcor ; examinandae erunt veteres epiftola?,. 
quarum plures funt perditae; prseterquam qu6d maxima ex parte 
non confervavi minuta mearum, 8c reliquse fepultae funt in maxi- 
mo chartarum acervo, quern non poffum fine tempore 8c pati* 
entil difcutere. Sed otium mihi minime fuppetit aliis negotits 
alterius prorfus generis qccupato. Et paulo pojl : literas truncare 
non debuerunt. Nam parvum eft inter chartas meas, vel cujus 
minuta mihi relioquitntur. Sic omnibus perpenfis, videns tan- 
tas maEgnitatis 8c fa.llacise notas, credidi indignum effe me in- 
gredi difcufiionem cum hominumgenere, qui fe tam male gerunt. 
Sentio quod, in Us rehitandis difficile fuerit ab opprobriis 8c ex- 
preflionibus afperis abfhnere, talibos quas eorum facT:a meren- 
tur; 8c non cupio hujjafmodi fpe<5taculum exhibere publico, in. 
animo habens tempus rnemn melius impendere, quod mihi pre- 
tiofum effe debet^ 8c contemnens judicium eorum qui fuper tali 
opere fententiam contra me pronunciare vellent ; prafertim cum 
Societas Regia hoc facere no! nit. Hac Leibnitius. Quajiionem 
pritnam deferit rixando y W ajior.es novas propomt. 

Attamenpofl ejus mortem, qua contigit proximo Menfe Novem- 
bris, in Elogio ejus quod in Jclis Eruditorum pro Menfe Julio ami 
1717 imprejfum fuit, amici ejus fcripferunt eum Commercio Epil- 
tolico Anglorum quoddam. fuum .idemque amplius oppontie de- 

crevifle : 
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<revhTe: 8c paucis ante obitum diebus CI. Wolfio lignifidMfe fe 
Anglos, famam ipfnis lacefientes, reipfl refutaturura. Quampri- 
TOum enim a laboribus hiftoricis vacaturus fit, daturum ie ali- 
'guid in Analyfi prorfus inexpe&atum, & cum inventis quse hac- 
tenus in publicum proftant, five Newtoni, five alioruny nihil 
quicquam affine habens. Hac illi. Varum ex jam dials potet 
Mlum non aliud babuiffe Commercium Epijlolicum, quod ederef. Et 
inventum novum, his nihil affine habens, ad rem nihil fpeclat. ' Mijfis 
agrorum/omniis, $uaftio tota ad epijlolas antiquas rcferri debet. 

Initio fecunda ad Abbatem de Comitibus Epi/lola, £>. Leibnitius 
primam Newtoni Epi/iolam vocavit fpeciem charts provocated 
ex parte Newtoni; dein addidit; in arenam defcendere nolui con- 
tra ejus milites emiflarios, five intelligas accufatorem fupra fun- 
damentum Commercii Epiftolici, five pnefationem fpe&es acri- 
moniae plenam, quam alius quidam novae Principiorum editioni 
praemifit : fed cum is per fe jam Iubens apparebit, paratus fum 
ipfi fatisfadtionem dare. Et- Newtonus refpondit, D. Leibnitium 
Jiteras Sc chartas antiquas feponere, & ad quseftiones circa philo- 
fophiam Si res alias confugere. Et magnum ilium Mathemati- 
cum, cui fine nomine, ut judici, epiftolam 7 Jun. i 7 i3datamat- 
tribuerat, jam velo fublato ut militem in hac rixa pro fe indu- 
cere, mathematicos in Anglia provocantem ad problemata fol- 
venda ; quafi duellum [cum Leibnitio Jeilicet] vel forte pnelium 
cum exercitu difcipulorum ejus Iquosjatfat] methodus effetma- 
gisidoneaad veritatem dirimendam, quam difcuflio veteran) & 
authenticorum fcriptorum, & Mathefis fadis heroicis, vice ratio-: 
num ac demonftrationum, abhinc implenda efTet. Hie rationes ac 
demontlrationes alludunl ad argument a e fcriptis veteribus defutnp- 
ta, <§P facia beroica ad contentions philofophicas & problematical 
M rem nil fp e a antes, ad quas D, Leibnitius a prioribus aufugit. 

:%uct nova Principiorum editioni pratniffa Junt, Newtonus non 
vidit, antequath Liber in lucem prodiit. %it<e de ^uajlionibus Pkilo 
Jopbtcis difputata funt, D. Des Maizeaux collegit, if in lucem edidiU 
Soluthnes Problematum maxima ex parte lucem viderunt in Aclis 
Eruditorum. Hac omnia ad rem nil fpecJant. Commercii Epifi-, 
iici exempla tantum pauca impreja fuerunt, & ad Mathematicos 
tniJTa qui de his rebus judicare poffent, neque projiant venalia. Ideo- 

qus 
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que tunc Librum, ut & ejus Recenfionem qua in Tranfaclionibus 

Pbilofophicis ac Diario Liter ario, anno 17 15, anno& feptem vet 
oclo menfibus ante obitum D. Leibnitii, impreja fuit, iterum im- 
printer e vifum ejl ; ut bijioria vera ex antiquis monumentis deduc- 
ta, mijjis difputationibus qua ad rem niljpetlant, adpojleros perve- 
niat\ & y -fic finis imponatur huic controverfite. Nam D. Leibni- 
tius a ^uafiione defcifcens emortuus eji, & judicium pojleris relin- 
quitur. 

Denique Judicium primarii Matbematici fubjunclum ejl, una cum 
notis; quibus pateat,eidem in Reeenfione pradiSid, vhente Leibni- 
tio, rejponjum ejje, &* fcopum ejus fuiffe tantum, ut Commercium 
EpiftoKcum fine refponfo dimitteretur. 
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Qui infcriptus . eft Commercium Epifiolicum CoUinil & aliorum de~ 
Analyfi Promotd* & publicatus eft. juffu Regiae Societatis Lon- 
dinenGs, circa controyerfiam inter D. Leibnitz 8c D r Keill, de 
prtmo inventore Methodi Fluxionum, five, ut nonnulli appel- 
lant, Metbodi Difi'erenlialis : Anglice primum edita in Adtis 
Regiae Societatis, A. D. 1715* &- Gallice eodem anno in Dia- 
rio Literario Tom. VII. mine ex Anglico in Latinum verfa. 

CUM variae Relationes apud exteros de Commercio hoc publi- 
catae lint, mutilae omnes 8c imperfectae ; vifum eft ut ple- 
nior haec, quae fequitur, Recenfio in publicum edatur. 

Commercium hoc contextum eft ex variis epiftolis chartifque, 
in archivis Regiae Societatis repofitis ; quae lingulae hie fuo or- 
dine ac ferie collocantur, 8c vel ex latinis fideliter tranferiptse 
funt, vel ex anglicis fideliter in latinum tranflatae : numerofo 
Confeflu a Regia Societate deputato, ut & literse originates in- 
fpicerentur, 8c earum exemplaria examinarentur. Caeterum 
haec, de qu& agitur, eft methodus generalis refolvendi finitas ae- 
qnationes in infinitas, 8c applicandi aequationes illas, tam finitas 
quam infinitas, ad folutionem problematum, per methodum 
Fluxionum 8c Momentorum. Prima autera dinercmus de ea Me- 
thodi parte* quae confiftit in refalvendo finitas se juationes in in- 
finitas, 8c ea ratione quadrando figuras curvilineas. Per infini- 
tas aequationes intelliguntur illae> quae involvunt feriem termi- 
norum convergentium,, & ad veritatem propius piopiufque acce- 
dentium in infinitum; ita ut poftrerno a venture diftent minus ul& 
data! cjuantitate; 8c, fi in mftnitum. contitiuentuF,, nnllam ompiuo 
differentiam relinquant* 
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Wallifius in opere fuo arithmetico, publicato A. D. 1657. Cap. 

33. Prop, lxviii. reduxit refradtionem -—^ per perpetuam divi- 

fioncm, in feriem a + ar+ ait + ar ? + ar 4 + Sec. 

Vicecomes Brounker quadravit hyperbolam per hanc feriem 

77" + k + p + + &c * hoc eft P** lianc I ~"7 + T~i + ? 
1+ Sec. conjungendo fingulos binos terminos in unum. Et haec 
quadrature publicata eft in Aclis Regiae Societatis, menfe Aprili 
1668. 

Paulo poft Dominus Mercator evulgavit demonftrationem hu- 
jus quadraturae per divifionem Domini Wallini;*8tdeinceps haud 
multo poft Jacobus Gregorius geometricam ejufdem demonftratio-. : 
nem in lucem edidit. Hi libelli, paucis poftquam editi funt men- 
fibus, Cantabrigiam mini funt ad Dominum Barrovium per Do- 
minum Johannem Collins; 8c per Barrovium traditi Ifaaco New- 
tono tunc Cantabrigiae degenti, utpote Collegii S. Trinitatis; Socio, 
(nunc autem Londini Equiti Aurato) menfe Junio 1 669. Hac 
occafione, Barrovius viciflim Collinio mifij: tra&atum Newtoni, qui 
inferibebatur Analyfis per aquationes numero terminorum infinitas. £°J5*J£ L 
Is traclatus in Commercio Epiftolico agmen dueit,continetque uni- 
verfalem methodum id in omnibus figuris faciendi, quod vice- 
comes Brounker 8c Mercator in fola hyperbola fecerant. Porro 
Mercator, per annos fexdecim adhuc iuperftes, nihil tentavit aut 
progrefius eft ultra folam illam hyperbolae quadraturam. Ula veto 
Newtoni per omnes figuras progreflio fatis oftendit, nihil eum in 
ea re Mercatoris opera aut ope indiguifle. Ne tamen litiget quif- 
quam, aut cavilletur; concedit Newtonus 8c Bronnkerum invenifte, 
& Mercatorem demonftrafle, feriem illam pro hyperbola quadran- 
da, annos prius aliquot quam in publicum ederent ; 8c i>roinde 
prius quam Newtonus generalem fuam methodum inveniflet. 

De tra£latu ifto qui inferibitur Analyfis, 8cc. Newtonus in epif- 
tola ad Oldenburgium mifla, dataque 24 Oclob. 1676, haec verba ">.k»lvi 
habet, quae fequuntur : * Eo ipjo tempore quo Mercatoris Logaritb- 
* moteebnia prodiit, communicatum ejl per amicutn D. Barrow 
' (tunc Mathefeos profeffbrem Cantab.) cum D. Collinio compendia 
4 urn quoddam harum ferierum> in quo fignijicaveram areas & lon~ 
4 gitudines Curvarum omnium, & Solidor urn Superficies W content a 

M m m 2. ' 
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* ex dans re&k ; , vice ver/a, ex bis datis re£1as determinant pofe' f 
€ /§? metbodum indicatam illujiraveram diver/is feriebus: Hujus 
porro ferierum compendii certiores fecit Collinius JacobumGrego- 
rium Scotum, Dominos Bcrtet 8c Vernon apud Gallos, Alphonfura 
Boreilum Italum, Dominos Strode, Townfend, Oldenburg, Dary, 
aliofque apud Anglos, variis epiftolis datis ann. 1669, 1676, 

ih. n° xiv, 1 67 1 8c 1 672, lit ipfie epiftolae adhuc teftantur. Ipfe pneterea 
xxii.xxm.Oldenburgius communicavit eandem Analyjin cum D. Francifco 
itf n°xiii. Slufio, Leodii turn agente, 8c ex ea aliquot griveiQ citavit ; literis 
datis 14 Sept. 1669, Sc in librum Regiae Soc. epiftolarem tran- 
fcriptis. Porr<F Collinius in epiftola ad Jac. Gregorium, 25 
lb. K« xiv. Novemt. 1669, fic de methodo in Analyji ilia content^ loquitur. 

1 Barrovhis provinciam fuam publice praelegendi remiiit cui- 

* dam nomine NewtonoCantabrigienfi ; cujus, tanquam viri acu- 
4 tiflimo ingento praediti, in praefatione Praeleclibrinm Opticartim 
1 memink* Quippe antequam ederetnr Mercatoris Logarithmo- 

* technia, eandem methodum adihvenerat, eamque ad omnes ' 
*" Curvas generaHter, Ss ad circulum divert! mode applicarat.' Lite- 

IM^ ris vera ad D. Davidem Gregorium datis 1 1 Aug. 1 67 6, his verbis 
«te ea loquimr : 1 Patrcos poft menfes quam editi funt hi libri (viz. 

* Mercatoris Logarithmotechnia, 8c ExercitationesGeometricseGre- 

* gorii) miffi funt ad Barrovium Cantabrigiae. Ille autem re- 

* fponfum dedit, hanc infinitarum ferierum doclrinafn, a Newtono 

* biennium ante,excogitatam fuiffe, qukn ederetwr Mercatoris Lo- 
1 garithmotechnia, 8c generaliter omnibus figuris appiicatam^ fi- 

* mulque tranfmifit D* Newtoni opus manufcriptum.' Honin* 
autem libForum pofterior proditt circa ftnem a*mi 1668 ; Barro- 

Hj. n° 1. vius ver6 cH<5lum ferierum compendium Collinio m.ifit, Julio infe- 
ib.N*xxiv. quente ; ut ex tribus ejus epiftolis con-flat. CoHinkis porro, in H- 
* teris ad D. Strode 26 Julii 1672, fic de eo compendio fcribitr 

* Exemplar ejus (Logarkhmoteehniae) mil! Barrovio Cantabrigiam,, 

* qui quafdam Newton i chartas extern plo remifit ; £ quibus Sc 

* aliis, quae pritis ab auc~torecum Barrovio communicatae fuerant, 
1 patet Slam metbodum a dido Newtono aliquot annie antea exco- 
4 gitatam, 8c modo univerfali applicatam fuifle. Ita ut ejus ope 

* in quavis fig lira curvilinea propofita, quae una vel pluribus pro- 

* prietatibus definit.ur, quadratura vel area ditfae figurae, accurata 
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< fi poflibile fit, fin minus infinite vero propinqua, evolutio vel 

< longitudo lineae curva?, centrum gravitatis figurae, Solida ejus 

* rotatione genita, 8c eorum fuperficies, fine ulla radicum extrac- 
6 tione obtineri queant. Poftquam intellexerat D. Gregorius hanc 
4 methodum, a D.Mercatore in Logarithmotechnia uiurpatam, 8c 
' hyperbolas quadrandae adhibitam, quamque adauxerat ipfe Gre- 

* gorius, jam univerfalem redditam effe, omnibufque figuris up- 

* plicatam, acri ftudio eandem acquifivit, multumque in eaeuo- 

* danda defudavit. Uterque D. Newtonus 8c Gregorius in animo- 

* habent hanc methodum exornare : D. Gregorius autem D. New- 
« tonum primum ejus inventorem antlcipare haud integrum ducit. r 
In alia ver6 epiftola, ad Oldenburgium fcripta 8c cum D. Leibnitio 
dommunicanda, dataque 14 jtow. 1676, haec memorat Collinius :iUN«xLv.. 

* Hujus autem methodi ea eft praeftantia; ut, cum tarn late pa- 
« teat, ad null am haereat difficultatem. Gregorium autem aliof- 

* que in ea fuifle opinione arbitror, ut quicquid ufpiam antea de: 
1 hac re innotuit,, quafi dubia diluculi lux fuit, fi cum meridian! 
fc claritate couferatur/ 

Porro hie Newtoni tra£latus primum typis editus eft a D. Guli^ A. R 171*- 
elmo Jones, qui apographum ejus repperit in fcriniis Collinii, ip- * 
fius manufcriptum; 8c pofteacum original! contulit^ a D.. New- 
tono muruato/ Continet autem praediaam general'em methodum 
Analyfeos, monftrantem quomodo refolvendae funt finitae a3qua- 
tiones in infinitas; utque, per method ummomentorum,applican- 
die funt cequationes, tarn finita? quam infinitce, ad omnium proble- 
matmrt folutionem. mcipit vero, ubi finem fecit Wallifius, 8c 
methodum quadraturarum fuper tres regulas ftruit. 

Watlilius anno 1655, Arithmeticam fuam Infinitorum in luceirt 
dedit ; per cujus libri. Prop. tix.. fi abfeiffa cujufvis curvilinearis 
figure vocetur x r 8c n atque ^i.fint numeric 8c ordinatae ad re&os 

arvgulos ered^ fiat x^; area, figurae er.it ~ x" 7 ". Atque hoc ib. N°ir.. 
avTumitur a Newtono^ tamquam. prima regula, fuper quam 
fundat fuam Gurvarum quadraturam. Wallifius autem propofi- 
tionem hanc demonftrav.it gcadatim,. per muitas particulars pro- 
pofitiones ; tandemque omnes in unam collegit per tabulam ca« 
fuum... Newtonus vero omnes cams in unum reduxit,, per digni- 

tatemi 



454 REGENSIO 

tatem cum indefinite indice : 8c fub extremo Compendii, femel fi- 
mulqne demonftravit per methodum fuam momentorum ; pri. 
mufque indefinitos dignitatum indices in operationes analyfeosin- 
troduxit. 

Caeterum per cym Propofitionem Arithmetics Infinitorum 
Wallifii, perque plures alias propofitiones quae fequuntur ; fi Or- 
dinata compoiita fuerit ex duabus vel pluribus ordinatis cum fig- 
nis fuis + 8c - acceptis, Area compofita erit ex duabus vel pluri- 
bus areis cum lignis fuis + 8c - acceptis relpective. Atque hoc 

ib.N°m. a D. Newtono affumitur, tamquam regula fecunda, fuper quam 
inftituit fuam quadraturarum methodum. 

ib.N° iv. Tertia vero.regula eft, ut reducantur fracTiones 8c radicales, & 
affedtae radices aequationurri in ieries convergentes, cum quadra- 
tura non aliter fuccedat : &: ut per regulas pri mam ac fecundam 
quadrentur figure, quarum Ordinatae fn nt finguli termini ferierum. 

ih.N» Newtonus, in epiftola ad Oldenburgium fcripta i$Jun. 1676, 
8c Leibnitio tranfmifia,modum docuit reducendi quamlibet digni- 
tatem cujuflibet binominalis in feriem convergentem ; 8c per 
earn feriem quadrandi Curvam, cujus Ordinata eft ilia dignitas. 
Et a D. Leibnitio rogatus, ut fontem hujus theorematis explicare 

lh.N°LV. vel let, refer ipfit per epiftolam datam 24 OStob. 1676; fepaulo 
ante peftem, quae Londini gralfabaiur anno 1665, cum legeret 
Arithmeticam Infinitorum Wallifii, cogitaretque de interpolation 
feriem, x~\x\ x-\x^ + \x\ x- ±x* + \x'-- ±x\ 8cc. invenifle are- 
am circuli effe x~l^^ii£ri^L _ &c. 8c perfequendo metho- 
dum interpolations, fe pnediaum theorema excogitaffe ; atque 
ejus ope reduaionem fradtionum 8c furdarum in feries conver- 
gentes, per diviiionem 8c radicum extra&ionem, invenifle ;. ac 
turn ad afFeaarum radicum extraclionem perrexiffe. Atquse has 

ib.N°iv. reduaiones regula ,iunt tertia. 

Cum in hoc ferierum compendio trin as has regulas explicurf- 

ib. n° x. fet Newtonus, variifque exemplis eas illuftrfuTet ; defignavit is ide- 
am dedncendi aream ex ordinata, confiderando aream tamquam 
quantitatem nafcentem, 8c augefcentem five crefcentem per fluxic- 
nem continnam, in proportione longitudinis ordinate, 8c fuppc- 
nendo abfeiflam uniformiter crefcere in proportione ad tempi's. 

Atque 
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Atque ex momentis temporis, nomen Momentorum indidit mo- 
mentaneis augmentis, five partibus area? atque abfciflle, infinite 
parvis, quae in momentis temporis generantur. Momentum li- 
ne® pun&um vocavit, ex mente Gavallerii; quamvis non fit punc- 
tum geometricum, fed lineola infinite brevib : momentum au- 
tem areae vel fuperficiei vocavit lineam, fecundum eundem Ca- 
vallerium; licet non fit .. linea geometrica, fed fuperiicies lati'u- 
dine infinite exili. Cumque Ordinatam conficieran t tarquam 
momentum areae, eo nomine intellexit re£tangulos iub gec-ine- 
trica Ordinata 8c momento abfciffae ; licet illud momentum non 
femper exprimatur. Sit abd, inquit, Curva qucevis, , & ahkb 
j, reflangulum, cujus latus ku,vel kb, eft unitas. Et 
cogita retiam dbk, uniformiter ab ah, mot am areas 
abd ak defcribere: & quod [retiz] bk (1) fit 
t momentum quo [area] ak (x), @ [reaa] bd (j) mo- 

ll "' K mentumquo [curvilinea] akd gradatim augetur : 
qybd tx momento bd, perpetim dato> pojis per pracedentes [tres] re- 
gulas aream abd, ipfo defer iptani, inveftigare ; five cum area ak (x) r 
momento 1 defer iptd, conferre. Haec Newtoni idea eft operationis> 
in curvis quadrandis : quoque modo hane ad alia problemata ap- 
plicet, in verbis proxime fequentibus monftrat : jam, inquk, qua 
rationefuperficies h b d, ex momento fuo perpetim dato, perpr aceden- 
tes [tres] regulas elicitur, eddem qualibet alia quantitas ex momen- 
to fuo fic dato elicietur. Exemplo res fet clarion Caeterum poft N« X, 
aliquot exempla, methodum addit regreflionis ab area, arcu t fo- 
lidove contcnto ad abfeiflam ; docetque ut eadem methodus ex- 
tendat fe adCurvas mechanicas, determinando earum ordinatas,, 
tangentes, areas, longitudines, &c. Utque affumendo quamvis 
aequationem exprimentem relationera inter aream abf iflamque 
Gurvae, per hanc methodum invenias Ordinatam. Atque hoc eft 
fundamentum methodi fluxion-um 8c momentorum, quod New- 
tonus, in literis datis z^Of/ob. i676,hac fententia comprehendit : 
Data aquatione quotcunque fuentes quant it at es insolvent e, invenire 
fluxiones ; & vice verfd. 

In hoc Compendio uniformem fiuxionem temporis, vel cujufvis^N*^ 
exponentis temporis, per unitatem reprefentat Newtonus;, momen- 
tum autctn temporis^ vel. exponentis 'fu-i,. per littram o- r fluxiones 

vtrx!) 
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vero aliarum quantitatum, per quaevis aha fymbola ; ac momenta 
earum quantitatum, per re&angulos fub illis fymbolis 8c liter! <?; 
aream porro Curvarum, per ordinatam in quadrato inclufam; area 
pro fluente, 8c ordinata. pro ejus fluxione pofitis. Cum autem 
propofitionem aliquam demonftrat, literam o adhibet pro finito 
momento temporis vel ejus exponentis, aut cujufvis quantitatis 
uniformiter fluentis; totamque calculationem abfolvit per geome- 
triam veterum, in finitis figuris five fehematibus, fine ulla approxi- 
matione : 8c cum prim.um calculatio pera&a eft, 8c aequatio re- 
ducta, fupponit momentum o decrefcere in infinitum, atque eva- 
nefcere. Cum ver6 non demonftrat, fed folum inveftigat propo- 
litionem ; quo citius rem conficiat, fupponit momentum o efle 
infinite parvum, Sc in fcribendo illud negligit, omnibufque ap- 
proximation um modis utitur, quos nullum in conclufione erro- 
rem parituros autumat. Prions generis fpecimen habes fub fi- 
ll. n° xil nem Compendii, ubi primam triurri illarum regularum, quas ini- 
tio libri pofuerat, erat demonftraturus. Secundi generis exempla 
ibidem habes ; cum invenit curvarum linearum longitudinem p. 
1 5 * ; 8c cum emit ordinatas, areas, 8c longitudines Curvarum me- 
chanicarum/>. 18, 19 + : narratque, qxia via per eandem metho- 
dum tangentes duci poffint ad Curvas mechanicas, ^. 19 J. Atque 
Ib.N»xxvi.in epiftola data 10 Decemb. 1672, addit, problemata de curvatura 
Curvarum, feu geometricarum five mechanicarum, per eandem rae- 
thodum folvi. Ex quibus manifeftum eft, fe jam turn fuam me- 
thodum ad fecunda ac tertia momenta extendifle : cum enim area? 
Curvarum confiderantur tamquam fluentes, ut in hac Analyfi fien 
folet, ordinatas exprimunt fluxiones primas ; tangentes autem 
datae funt per fluxiones fecundas, 8c curvaturse per tertias. Et 
vel in Analyfi hac/>. i6§. ubi Newtonus ait, Momentum eft Superfi- 
cies, cum de Solicits ; tinea, cum de fuperfciebus ; & punBum^ 
cum de tineis agitur ; perinde eft ac fi dixhTet, cum Solida conii- 
derantur tamquam fluentia, eorum momenta fuperficies funt; 
eorum momentorum momenta, vel fecunda momenta, lineae iun . 
8c horum momentorum momenta, five tertia momenta, pun 
funt, fecundum fententiam Cavallerii: atque in Principe uis 
Pbilofopbia, ubi frequenter confiderat lineas tamquam fluentes, 
pun&is defcriptas, quorum velocitates crefcunt vel decrelcun, 

* Tom. I. p. I7S . f Tom. I. p. , 7 8, a 79 . % Tom. I. p. *79- * ^j^ateS 



K. 






D 



COMMERCII 1 PISTOL I CI. 45, 

velocitates funt fluxiones primae ; & earum incrementa, fecundas. 
Ac problema illud, Data aquations fluentes quantitates mvolvente, 
fluxions; imtemre, & * via iverfa, ad fluxiones omnes pertinet ; ut 
conftat ex folutionis ejus exemplis a Wallifio publicatis, Tom. II, 
operum fuorum, p. 391, 392, 396. Quin 8c in Lib. II. Prin- 
cipiorum Pbi/ofopbia, Prop. xiv. differenriam fecundam Newtonus 
appellat differentiam momentorum. 

Quoque melius intelligas,. quo calculations genere Newtonus 
ufus fuerit anno 1669, vel ante, cum hoc analyfeos fuae compen- 
dium fcriplit ; ponam hie ejus demonftrationem primae illius re-N a xu. 
gulae, fupra memoratse. 

* SitCurvae alicujus, AD^,bafis ab=# ; per- 

* pendiculariter applicata BD=y; 8c area abd 
' = z, ut prius. Item fit Bj8 = o, bk = v, 8c 

* re<5langulum b£hk (ov) aequale fpatio BjSlte. 

* Eft ergo Aj3=#+o, & k$-z+qv. His 
«, & ' 4 1 * praemiflis, ex relatione inter x 8c z, ad ar- 

' bitrium aflumpta.quaeroj; ut fequitur. Pro 

* lubitu fumatur [aequatio] \x i = z i five ±x 3 -zz. Turn x + o 
' (a$) pro x, 8c z+ov (aI|6) pro z fubftitutis, prodibit £ in x* + 
' 3XX0 + 3*00+0* = (ex naturaCurvae) z % + izou+o'v*. Et fublatis 
' jx i 8c zz aequalibus, reliquifque per 0 divifis, reftabit £ in 3**+ 
' 3x0+0*= 2Zv+ov\ Si jam fupponamus BjS in infinitum dimi- 
' ntii, 8c evanefcere, five 0 efle nihil ; erunt v & y aequales, 8c ter- 

* mini per 0 multiplicati evanefcent ; ideoque reftabit ± x $xx= 2zv 9 
1 five \xx (=zy) = \x$y> five x'(=*-)=v. Quare contra, fi 

( tntix 3 =z. 

' ' Vel generaliter, fi ~ n x ax'"^ = z: five ponendo ~ = c, 

8c m+n=/>; fi cx^ = z, five c"x f =z"% turn x + 0 pro x, 8c z+ov 

* (five quod perinde eft z + oy) pro * fubftitutis, prodit (f in + 
« pGx*-\ &c. = z" + noyz*-\ 8cc. reliquis nempe [ferierum] ter- 
' minis, qui tandem evanefcerent, omiflis. Jam fublatis c n x f 8c 

* z n aequahbus, reliquifque per 4 divifis, reftat (f px^' = nyz n ~ l 
t = ^ = f !I £ ft . fiye dividend0 ^ erit fx" 1 = five 
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1 pcx~^ =ny, vel reftituendo £^ pro c, 8c m + « pro />, hoc eft 
* f/z pro />-/?, 8c »tf-pro /><r, fiet ;= _y. Quare e contra fi axT - v> 
< er it -Z-ax^ = Q. E. D.» 

Eadem operandi ratione, etiam regula fecunda demonftrari po- 
teft. Et fi quaelibet aequatio affurnatur, relationera exprimens 
inter abfcirfam 8c aream; ordinata inveniri poterit eadem ratione; 
ut in proximis Analyfeos verbis indicatur. Et ft ilia ordinata, ia 
unitatem dudta, pro aiea novae Gurvae ponatur,, novae illius Gurvse 
ordinata eadem methodo inveniri poteft ; atque ita in perpetuum. 
Haeque ordinatae primam, fecundam, tertiam, quartam, fequen- 
tefque fluxiones primae areae repraefentant. , - 

Haec Newtoniana fuit operandi methodus,eo«emlwcaino com- 
pendium illud fuae Analyfeos fcripfit : eademque pethodo ufus eft 
in libro Quadraturarum, atque in hunc ufque diem adhuc utitur. 

In exemplis, quibus met hod urn ferierum & mprr^entorura in 
Compendio hoc illuftrat, haec funt : Efto radius drculii ; arcus,"5; 
linus, x\ aeqnationes pro inveniendo arcu, cujus finus eft datus, Sc 
fiuu, cujus arcus eft datus, erunt 

N°X. Z = X + jX 3 +^X s + + 7777^ + &c - 

n-xiv, Hujus methodi notiriam Collinius Gregorio dedit fub autumno 
xix, xx. anni l6 5 9; ac Gregorius, ope unius ex feriebus Newtoniapis, 
poft integrum annuum laborem, methodum deraum invenit De- 
cemb. 1670: 8c bimeftri poft tempore, in epiftola data 15 Feb' 
1 671 , varia theoremata, per earn reperta, Collinio mifit; data eti- 
am communicandi licentia. Collinius autem facillimus erat ad 
communicandum quaecunque vel a Newtono vel Gregorio aceepif- 
fet ; ut patet ex epiftolis in hoc Commercio jam publicatis. In 
feriebus, quas in di<5ta epiftola mifit Gregorius, hae dua? & nt : 
Efto radius circuli r; arcus, a-, 8c tangens, /: sequationes,proinve- 
niendo arcu cujus tangens data eft, 8c tangente cujus arcus datus 
eft, erunt hae, 

a = t-~ + JL - i_ + JL, - 8cc. 
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Eo ipfo anno 167 1 D. Leibnitius duos tra&atus edidit Londinii 
uiTum Societati Regiae, alterum Academiae Scientiarum Parifienfi 
dedicatum ; 8c in prions dedicatione commercium fuum epifto- 
Jare cum D. Oldenburgio memorat. 

Menfe Feb. i67f,cum, in aedibus D. Boyle, Leibnitius in D. Pel- N ' xxx> 
lium incidiflet, iibi arrogare vifus eft differentialem methodum 
Moutoni? cumque Pellius oftendiflet methodum illam non novam 
efle^ fed Moutoni, perftitit nihilominus Leibnitius in vindicandi 
fibi inventione ilia; prae fe ferens, fuo fe marte invenUTe, Mou- 
toniani operis ignarum, multumque earn promovifle. 

Cum Newtoni ferierum una Gregorio miflTa eifet, tentavit ills 
earn deducere ex feriebus fuis, inter fe combinatis ; ut ipfe in epif- 
tola narrat data 19 J>ecemb, 1670, Ac per fimilem aliquam me- 
thodum Leibnitius, priufquam Londino difcederet, repperifle vi- 
detur fumraam ieriei fraclionum decrelcentiura in infinitum, N 8 xxx. 
quarum numerator eftnumerus datus, denominatofes autem funt 
triangulares, vel pyramidales, vel triangulo-triangulares, 8cc. In- 
ge ns vero my fterium ! De ferie \ + 1 + \ + J + j + 8cc, fubduc om- 
nes terminos praeter primum, 8c remanebit i(=i-} + 7*-T + y- 
1 * ^ . , . _ ar C \ « + Jl. + — + -1- + 8cc. Et ab hk ferie 

dcme omnes terminos, excepto prime, 8c remanebit \ = nr ~ + 
+ * + — I + 8cc. Et a priore ftrie deduc omnes ter- 

»X3At 3X4X5 4X5 x6 4 , , 

minos praeter duos primos, 8: remanebit \ = ~ + — + — + 



*X3X4 

10s 

+ 8c c, 



Sub fmem ?idr. vel initium Martii, 167}, Leibnitius, londino m xxxt. 
relido, Parifios fecontulit; U ad ufque menlem Junium ftquep- 
tern commercium cum Oldenburgio habuit: deinde Algebram Sc 
Georaetriam fublimiorem dididt, 8c menfe Julia anni i6 7 4.h*xxx«. 
commercium cum Oldenburgio renovavit; fenbens fe mmficum 
habere theorem* quod daret circuli, vel ejus fetalis cujufcunquc, 
aream accural in ferie numeromm ratiqnalium ; QctoM autem 
infequente fcripftt, fe invenifle circumferentUm arcuh m fene 
ftmplicidimorum-numerorum ; Sc eadem method, (^im tbeo- 
re ma illud nominat) quemvis arcum, cujus unus datus fit, pofle in- 

N n n 2 vemri 
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veniri in fimili ferie, licet proportio ad totam circumferentiamhr- 
noretur. Theorema ergo iftucl hoc efficiebat ; ut inveniretur 
quivis fe&or, vel amis, cujus finus datus fit. Si ignota eflet ar- 
cCis proportio ad circumferentiam totam,. theorema, five rnethodus 
ifta„tantumrnodo arcum exhibuir.; fin nota -eflet,. etiam integrum 
circumferentiam dedit : Sc proinde erat theorema prius illucKx 
ciuobus fupradi&is Newtoni. Demonftratio vero hnjus theorema- 
H'xuv. tis Leibnitio turn non innotuit. Quippe. in epiftola. data, 1 2 Maii t 
167/ , rogavit Oldenburgium, ut demon ftration em ejus a Collinio. 
fibi pararei; earn fignificans methodum, per quara .Newtenus i& 
invenerat. 

W xxxvi. In epiftola a Collinio fcripta, dataque 1 5 .4pr. 1 673, Oldenbur- 
gius ad Leibnitium mifit oaQ«x Newtonianis Si Gregorianis fe-. 
riebus ; in, quibus erant duae iUae Newtoni fnpradiclce, . pro hive- 
niendo arcu, cujus finus datusefr., SsYinu, cnjus datus eft amis 
duseque ilfoe. Gregorii jam ant&.memoratae, pro inveniendo arcu,. 
cujns tangens data eft, & tangente cujus datus eft arcus. . Leib- 
K-xxxvii. nitius verd in refponfo data 20 Mail i6 7S , fe epiftolam ilhm a£ 
cepiUb his verbis confitebatur,- Lit eras, tuas mtrftd fruge alge* 
brakdreferta&accepi; praquibus tibi&> dodlijfimo Collinio gra/ias, 
ago. Cum. nm&i prater ordinaries cur as ; mechanicis imprimis nego- 
tiis diflrahar, non potw examinare feries quas mijlflis, accummeis 
comparare. Ubi fecero, perfcribam tibi fententiam meam: nam 
aliquot jam anni fmt, ,quoa \ invent meas via quddam Jic.fatis f.n~ 
gulari. 

Nunquam tamen pofrea* vel * agnovit Leibnitius fe reeepifie 
illas feries ; vel indicavit, qua in re face ab ill is difFerrent ; vel un- 
quam ullas alias protulit, prater illas ab Oldenburgio miflas, aut 
feries numerales ex eis deductas in cafibus partictilaribus. Quid 
autem egerit cum Gregorii ferie, pro inveniendo arcu cujns raft- 
gens data eft, ipfenarratin Aclis Eruditorum mehfrs ^r/7. i 69 1, 
p. 178. Jam, inquit, anno 1675, evmpoftdm habebam opufcu- 
lum guadratur* Arithmetic*, ab amicis ab Wo tempore letfum, 
Per theorema pro tranfmntandis figuris, Anile illis Barrovit & 
Gregorii, jam tandem invenerat feriei hujuj dembnftrationem ; 

- -ii^-.i atque 

• Cum haec recenfio fcriberewr, non agnorcrat ; fed anno fub&qucnte, in ej»i?o& ad Cametif- 
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atque id erat Opufculi iftius argumentum. Nondum tamen ac- 
quifiverat caeterarum derhonftrationem ; 8c occafionem na&us hu- 
jus quoque expetendze, (equentem epiftolam Oldenburgio fcripfit 
12 Maii, 1676, Parifiis datam : 

C&m Gregorius Mobr Danus nobis attulerit communicatam Jibiwxuv. 
a docliffimo Collinh veflro expreffionem rationis inter arcum & fi- 
num, per infinites feries fenuentes ; pofito finu x, arcu z, radio r , 

z - x + + + ^x" + 7 n 7 tf + Zee. 

x = fs r- i*» + ^ - T J 4 _^+_ I L_^ - 8cc. 
Hetc, inquam, cum nobis attulerit ille, qua mibi valdk ingeniofa 
videntur, poflerior imprimis feries elegantiam quandam fingula- 
rem babeat: ideo rem gr at am mibi feceris, vir clarifftme, fi demon- 
firationem tranfmiferis. Habebis viciffim mea, ab his longe diverfa, 
circa banc rem meditaia ; de quibus jam aliquot abbinc amis ad te 
perfcripjijfe credo, demonflratione tamen non additd, quam nunc po- 
lio. Oro ut ClariJJimo Collifiio multam a me falutem die as : is fa- 
ciie tibi materiam fuppeditabit fatisfaciendi dejiderio meo. 

Hie, qui illud inquam legerit, facile exiftimaverit Leihnitium 
duas illas. feries nunquam antea vidiffe ; diverfaque ejus circa banc 
rem meditata prorfus aliud effe, qiiam ferierum unam, quas anno 
fuperiore recepcrat. ab Oldenburgio, demonftrationemque iftam, 
quam tunc expoliret, quantivis pretii fore ; .quippe quam pro 
Newtonianae . methodi munere jaW&^oy acceptiffimum erat mif- 
farus. . 

Hac epiftblar recept^, Otdenburgius Colliniufque, Uteris ad.I 
Newtorium feriptis, veherfiewter operam dabaiit, ut ipfe Newtonus 
methodum fuam defcribere*, .Leibnitio communicandam; Quam 
©b rem Newtonus epiftolam fcripfit, 13 Junii 16 j 6 datatn: in n° xlviii, . 
qua eo modo ferierum methodum defcripfit, .quo antea in fupra-. 
diao compendio fecerat; hac tamen difFerentia: hk fule defcrip- 
iit reduiftionem dignitatis binomialis in feriem ; at redu<aionem . 
per divifionem, radicumque affeftarum extradionem, leviter tan- 
turn attigic : illk reduaionem fradionum & radical inm in ferief , 
per divifionem radicumque extra&ionem, fule defcripfit; at po- 
fuit tantummodo duos primos terminos feriei, in quarri dignitas 
binomialis reduci poult. Inter exemplar quae epftola ilia conti* 

Um de KilmanJe Ul agnovit fe tunc ab Oldenburgio acccpiffe [Dcs £^«]fcrkrwp fpecimina. 
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> >e xux. nebat, erant feries pro inveniendo numero, cujus logarithmus fit 
dams, & pro inveniendo verfo finu, cujus arcus datus fit. Hajc 
epiftola Parifios mifla eft 26 Jun. 1676, una cum manufcripto 
quodam Collinii, extracta quxdam continente ex epiftolis Jacobi 
Gregorii. 

k-xlvi, Gregorius enim prope finem anni 1675 diem fuum obierat ; 
Colliniufque, exoratus a Leibnitio aliifque ex Academia Sciential 
rum, extrafta ex ejus epiftolis confecit ; quae adhuc extant ipfms 
Collinii manu exarata, hoc titulo : Extrafla ex D. Gregorii lite* 
ris, D. Leibnitio commodanda, qui exorandus ejl, ut cum ufus ek 
Juerit, tibi earemittat. Porro hacextracta ad Leibnitinm mifla 
fuiflfe, teftis eft ipfe Collinius, in«piftol& ad Davidem Gregorium, 
Jacobi ts fAxxamB fratrem, data 11 Aug. 1676; idque. amplius 
conftat ex Leibnirii Tfchurnhaufiique refponfis. 
. , Leibnitii sefponfum, Oldenburgio miflum datumque 27^, 

N 9 u. J676, ftc incipit. Utera tua, die Julii 26 data,plura ac menu* 
rabitiora circa r em anafyi icam continent, quam multa volumina fpifit 
de bis rebus edita. %yare iibi pariter. t ac clarifiimis viris Newtono 
ac Collink, gratias ago, qui nos participes tot meditationum egregiv* 
rum ejfe voluijlis. Et prope finem epiftolap, poftqaam Newtonia? 

n°liii. nae epiftolae contenta enao^flet, -ita pergit t Ad aim tuarum Jite- 
rarum venio, qua doBiffimus Collinius communieare gravatus non 
ejl. Veil em adjecijjet appropinquathnis Gregoriana linearis demon- 
Jlrationem. Fuit enim his certe Jludiis promovendis amplijfmus. 
Refponftim verdTfchurohaufii, datum 1 Sept. 1676, cum Ncw- 

n« liv, toni de feriehus epiftoUm comraerooriflet, hi« verbis cencluditur : 
Similia porro, qua bdc in re prajlitit eyimius ilkgeemttra Gregorys, 
memoranda certe funt. Et quidem optime fama ipftus ' confulturi 
funt, qui, ipfms relicla manufcripta luci public* ut exponantur, ops* 
ram navobunu In priore epiftohe parte, ubi de feriebus Mew* 
jtonianis loquitur, fe em leviter percur rifle dicit, vifurum «& forth 
in eis inveniret Leibnitii feriem procireulo hyperbola ve quadran- 
dis. Qu6d fi in extra&is Gregorianarum epiftolarum earn inqui- 

xLv£ fiviiret » wpperiflet utiqvie in epiftola 1 5 Feb. 1 67 1» fap r * mem °" 
rati. Quippeextraaailla, in quibus ea habetur epiftola, fuper- 
funt adhuc Collinii manu fcripts. - ; 

guamquam 
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Quamquam autem feriem illam, de quaagitur, jam bis ab Ol- 
denburgio Leibnitius accepiflet, illam ipfam tamen^n epiftola data 
27 Aug.xdrS, velut fuam Oldenburgio remifit, quafi mimus*Vr«« N " LU » 
%iov pro methotlo N evvtoni ; pns fe ferens, ie jam triennio ante, vel 
amplius, amicis fuis Parifienfibus earn oftendiffe ; hoc eft, biennio 
prius quam earn aecepiffet in Oldenburgii epiftola 15 Apr. 1675. 
Atqui ilia tempore feriem illam fuam efle nefciebat; uti conftat N^xxxyi, 
ex ipfius refponfo 2-0- Matt 1675, fupra citato. Fieri quidem 
potuit, ut Londini earn acceperit,- ac amicis Parifienfibus often- 
de'rit, triennie prius quam Oldenburgio earn remiferit : minime 
taawn-conftat r fe ejus demonftrationem-tam mature ua&um efle. 
Hanc ubi primum reppererat, tunc demum in opufculo fuo earn 
exhibuit, cumque amicis communicavit : idque ipfe narrat conti- 
giffe anno 1675. Illud vero probandum St evincendum eft, fe 
prius. earn- penes fe habuiffe, quam ab. Oldenburgio earn aecepiC- 
fec Quippe in refponfo fuo ad Oldenburgium, nullam ex ferie- 
tons-WiBc miflis fuam efle: fciebat; celabatque ab- amicis Parifien- 
fibus,, fe illam- cum pluribus aliis ab Oldenburgio accepifie, ac 
vidifle fe Gregorii epiftolam, . in qua is Collinio earn miferat, in- 
eunte anno 167 1. 

In eadem epiftola, 27 Aug. 1676,. poftquara defcripferat qua- 
draturam fuam. circuli byperbolaeque sequilaterse, hoc addit Le- 
ibnitius f Viciffim, exftriebus regrefiuum, pro hyperbola bane it^mk n- i& 
Sit numerus aliquis, unit ate minor, i-m; ejufqueiogaritbnius byper+ 

jl rv,v *«- 1 _ ^+ J!— + &c. Si numerus 

bolicus,hEritm---^ 1 ^^j^^ ,^2x3x4 

// major unitate, ut /+ n,. tunc pro eo inveniendo mihi etiam pro, 
diit regula, qua in Newtoni epijiold exprejfa ejl : fcilicet er.it n = 



+ . + l \ +. Sec. &yod regrejjum ex arcubmattinetj 

l ^^e\o^lin\evdatiH qua-ex dat* arm finunt cotnplt* 
mentiexhlbet. Nempeftnus complements =1 - 7^ + Ty.7x^u~ 
Sedpojiea quoque deprebendi, ex ed illam nobis communicatam, pro 
inveniendo fmu refto, qui ejl^ - y^j^i +. uixjx+Tj - &C'poJerfer 

tmnflrar'u . ... 

In his verbis Leibnitius fibi laudem vindicat co-inventioms 
quatuor harum ferierum: quamvis methodus ea& invemendi, ipfo 
^ expetente, 
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expetente, ad eum miffa fuerit • quam tamen nondum intelli- 
gere, nec comprehendere poterat. In eadem utiquc epiftola 27 
Aug. 1676, orabat D. Newtomim, ut elaribs earn explicaret, 

n°lii. Verba ipfius funt : Sed defideraverim, ut clariffimus Newtonus mn- 
nulla quoque amplius explicet ; ut originem tbeorematis, quod initio 
ponit: Hem modum quo quantitates pj q, r, in Juts operationibus 
invenit : ac denique quomodo in metbodo regrefluum fe gerat ; ut 
cum ex logariibmo quarit numerum. Neque, enim explkat quomodo 
id ex metbodo fua derivetur. Prae fe tulit, inveniffe fe duas feries 
pro numerocujus logarithmus fit datus; & tamen in ipfa ea epif- 
tola Newtonum rogat, ut .methodum eas ipfasduas feries iaveni- 
endi libi eXplieare velit. 

- Ubi hanc ejus epiftolam accepiffet Newtonus-,. refcripfit fe on*. 

N°lxi. nesiUas quatuor feries jam 'ei commimicaffe ; -quarum duse priores 
una xsademque feries, effet r liters / pro logarithmo pofita eum iw 
figno + vel - ; tertia. ver6 exceffus effet radii- fupra finum vcr- 
firatf, ^ pro .quo jawi antea feries ad eum miffa fiiiffet. His fe&i&i 
deftitit Leibnitius'ab inventione hac libi vindicanda* Prsecer, hseq 

N«lxiv. ia eadem epiftola 24 0#. 1676, quod petierat; Leibnitius, 'me* 
thodos fuas regreffionis apertius explicavit. Ijeibnitius tamen, 
epiftola 21 Jun. 1677 data, ulteriorem adhuc petebat explicatio- 
ne.m : paulo vero- pdft, ciim Newtoni epiftolam repetita vice lc- 

K°LXX« m giffet, refcripfit 1 2 Jul 1677, fe jam, quodignoraverat, iritelii- 
gere; & ex chartis Ibis repofitis animadverted, fe Jaun ancea 
unam^ex Newtoni methodis adhibuhTe ; in exemplo vero, quo 
forte effet ufus, ciim nihil pulchri & elegantis proveniret, fe, pro 
folita fua impatientia, poftea earn abjeciffe. .Plures itaque (fi cre- 
dere fas eft) dire&as feries, & proinde earum inveniendarum me- 
thodum habuit, priufquam inveniffet methodum- iftverfam, «}uf- 
que poftea oblitus effet. Quod fi chartas fuas repofitas diligen- 
tius pervolviffet, etiam hanc inverfam methodum ibi repperiffet. 
Sed, pro'priarum fcilicet methodorum oblitus, Newtonianas defi- 
derabat. ' 

*»L. Ciim Newtonus, in. epiftola data 13 Jun. 1676, methodum 

fuam ferierum enarraffet, hjec addidit : Ex bis videre, eji quantum 
fines anatyfeos per bujufmodi infinites tequationes ampliantur: quip' 
pe qm, earum 'bmeficio^ ad omnia pent dixeritn problemata, ft ntfr 

meralia 
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meraiia Diopbanti & jimitm ^xclpias^ fefe exiendit. Non tamen 
omnino univerfaRs evadiff nifi per ulterior es quajdmn metbodos eii- 
tiendifems infiniias. Sunt -enim quadam pr$Memata y in quifius non 
Ucet ad feries infinilas per divifwnem vel extraShnem radkum, Jim- 
plicium affe&arum^e^pervenire. Sed quomodo in ijlis cafibus proce- 
dendum fit, jam non vacat dicere ; ut neque alia quadam tradere t 
qua circa reduclionem infinitarum ferierum in fnitas, ubi rei na- 
tura tulerit, excogitavi. 'Nam parcius fcribo y qubd ba fpecula- 
tiones diu mibi fafiidio effe caperunt% adeo ut ab iifdem jam per 
quinque fere annos abflinuerim. His D. Leibnitius, in epiftola fua fc° lul 
27 Jug. 1676 data, fic refpondit: %uod dicere videmini, plerafque 
difficultates (exceptis problematis Diopbanteis) ad feries infiniias re- 
ducij id mibi non videtur. Sunt enim multa ufque adeo mira & 
implexa, ut neque ab aquationibus pendeant, neque ex quadra turis. 
ftualiafunt, ex multis alii 5, problemata metbodi tangentium inver- 
fa. Et D. Newtonus in epiftola fua 24 OSob. 1676 refcripfit : n- Lxrc 
Ubi dixi omnia pern problemata folubilia exifiere\ vohu de Us prce- 
fertim intelligi f circa qua Matbematki fe baclenus occupdrunt ; veh 
faitem in quibus ratkionia matbematica locum aliquem obtinerepof- 
funt. Nam alia fane adeo perpkxis condttionibus implicita excogi- 
-iare liceat, ut nonfatis- comprebendere valeamus : W multo minus 
tantarum computatimwn onus fuftimrej quod ifla requirerent. At* 
-tamen ne nimium dixiffe wdear y inverfa de tangentibus problemata 
funt in potejlate, aliaque UKs difficilhra. Ad qua folvenda ufusfum 
duplici metbodo, una concinniori, altera generation. Vtramque 
vifum efl imprafentia Uteris tranfpofitis confignare, ne propter alios 
idem obtinentes, inflitutum in aliquibus mutare coger. sacedaeioeffh 
&c. id eft: Una metbodus confijlit in cxtraclione fuentis quantitatis, 
txaquathne fimul tnvohente fluxionem ejus: altera tantum m aj- 
fumptione feriei pro quantitate quMibet incognita, ex qua cater a 
'commode derivari pqfunt; Win collatione terminorum homologorum 
aquationis refultantis, ad eruendts terminos ajumpta feriei. 

Ex duabus his Newtoni epiftolis certd conftat, jam turn, vel po- 
tius ante quinquennium, invenhTe ilium reduaionem problema- 
tic ad sequationes fluxionales & feries convergentes : 8i ex re- 
fponfoLeibnitii ad haram epiftolanim priocem, aequc certum eft, 

Vol. IV. Q o<* ** m 
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fiam-nondum hmic inveniiTe reductionem problematum, vel adae- 
quationes differentiates, vel ad feries conyergentes. 

xxxviii. Idque amplius ex eis manifeftum eft, quae de hac re fcripfit. 
Leibnitius. anno- 169 1, in Adtis Eruditorum : Jam anno 1675, 
inquit, compojtum habebam opufculum Quadrature Arithmttica, ah 
amicis ab illo tempore lellum ; fed quod, materia jub manibus crej- 
cente, Umare ad editionem non vacavit, pojlquam alia occupations 
fupervenere ; prafertim cum nunc prolixius exponere, .vulgari more, 
qua analyjis nojlra paucis ex bidet, non fatis opera pretiumyideatur, 
> Hanc Quadratu ram, vulgari more co.mpofitam, proferre coepit Pari- 
fiis anno 1675. Anno proximo demonftrationem ejus expolie- 
bat, Oldenburgio mittendam, eeu methodi Newtonians ivtik* 

n»xuv... %oty^ r ut narrat in epiftola 12 Maii 1676: & proinde, in epif- 
tola 27 Aug.. 1676, earn mifit contextam &: edolatam more vul- 
gari. Hie me infequente, in Germaniam reverfus per Angliam- 
& Bolkndiam, ut negotia publica capefieret, non vacavit ampli- 
iis ad earn praelo parandam, nec operae pretium exiftimavit, ea 
more vulgari prolixius explicare, quae analy fi* ejus paucis exhi- 
bet.- Hanc ergo novam analy fin excogitavit, jam in Germaniam 
jeverfus 5 & proinde non ante annum 1677. 

Idque amplius adhuc conftat ex confideratione feq a uenti; Bar-- 
rovius methodum fuam tangentium anno 1670 in Jucem edidif. 
Inde Gregorius methodum tangentium. haufit abfque compute 

N°xvi. tione, uti ad Collinium fcripfit $ Sept. 1670. Newton us autem 
fuam tangentium cumCollinio communicavit anno 1672, inepif* 

n»xxvi. to i& j. 0 , Becemb r data, atque haec ibi addidit. Hoc eft unum par* 
ticulare T velCorollariumpotius, metbodi generalise qua extendit Je> 
citra tnolejium ullum calculum,non mode ad ducendum tangentes ad 
qua/vis Curvas r Jive geometrical, jive mechanical vel ' quomodocuri' 
que re&as tineas t aliafve Curvas refipicientes \ verum etiam adre- 
Jolvendum alia abftrufmra problematum genera de curvitatibusj 
areis, longitudinibus, centris gravitatis Curvarum, &c. Neque, 
quemadmodum Huddenii metbodus de maximis # minimis, od So- 
las rejlringitur aquationes Mas, qua quantitatibus Jurdis funt itn* 
munes. Hanc met bodum intertexui alteri ifli, qua aquationutn exe- 
gefm injlituo, reducendo eas ad feries inftnitas. D. autem Slufius 
fuam tangentkim methodum ad Oldenburgium mifit 17 J an ' 
5 i67f> 
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167}, eaque paulo poft Th Tranfadlionibus eft publicata. Com- 
perta ver5 eft eadem prorfus efle cum ilia Newtoni. Fundata 
eratfuper tribus lemmatibus; quorum primum erat, Differentia 
duarum dignitatum ejufdem gradus applkata ad differ entiam late* 
rum dat partes ftngulares gradus inferioris ex> binotnio later um, ut 
fzfl -yy +yx + xx, ' id eft, fecundum notat'ionem Leibnitii, ^ - lyy* 

Ne.wtonianae epiftolae, 10 Decemb. 1672, exemplar ad Leibni-^xLVi. 
tium ab Oldenburgio milium eft, inter chartas Jacobi Gregorii, 
una cum, alia Newtoni epiftola i$Jun* 1676 data. In his dua- 
buscum memoraret Newtonus, fe generalem admodum analyfin 
habere, partim confiftentem ex methodo ferierum convergen- 
tium, partim ex alia methodo, qua applicabat eas feries ad folu- 
tionem omnium fere problematum, exceptis forte numeralibus 
quibufdam quales illie funt Diophanti, eruebatque tangentes, are- 
as, longitudiner., content a folida, centra gravitatis, curvitatefque 
Curvarum ac curvilinearum figurarum, feu geometricarum, five 
mechanicarum, minime hserendo adfurdas; metbodumque illam 
tangentium Slufianam non nifi ramum, vel corollarium, efle alte- 
rius hujus methodi : his Leibnitius vifis, dum domum per Hol- 
landiam reverteretur, turn demum meditabatur promotionem 
methodi Siufianx. Quippe in epiftola ad Oldenburgium Amfte- n° lxv- 
lodami data ^ Novemb. 1676, fie fcripfit : Metbodus tangentium, 
A Slufio public at a, nondum rei fajligium tenet. Poteft aliquid am- 
plius praftari in eo gen ere, quod max imi for.et ufus ad omnis generis 
problemata, etiam ad meant (fine extraBionibus) aquationutn ad 
Series reduSiionem. Nimirum pojet brevis quadam calculari circa 
tangentes tabula^ eoufque continuanda donee progrejpo tabula appa- 
ret ; ut earn fcilicet qui/que, quoufque libueritjine calcub cwtinuare 
pojtt. Hkc vero erat ilia promotio Slufianae methodi in metho- 
dum generalem, quam turn in f animo verfabat Leibnitius : ex- 
que illis ejus- verbis, poteft aliquid amplius praftari in*eo genere, 
quod maximiforet ufus ad omnis generis problemata, unica res haec 
fume videtur, qua ille methodum earn ad omnis generis proble- 
mata vellet extendere. Promotio vero per calculum differentia- 
lem nondum ei in mentem venerat ; ea quippe referenda ent ad 

Annum fequentem. . 

O o o 2 111 
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n° lvh. • In proximis Uteris, 24 OSlob. 1 676, mentioaem analyfeoj fo^ 
/ecit Newtonus, communicatae per Barrovium cum Collinio anno 
1669; alteriufque item tractates, anno 1671 fcripti, deferiebus 
convergentibus, deque altera ilia methodo, qua tangentes duce- 
rentur more Slufii, , maximseque ac minimse determinarentur, 8c 
quadratura Curvarum expeditior fieret, idqne non hxfitando ad 
radicales - f quaque invenirentnr feries, quse certis cafibus finiren- 
tur, Sc quadraturam Curvarum darent in aequationibus finitis, ubi 
fieri poflct. Fundamentum autem harum operationum conclufit 
in hanc fententiam, aenigmatice, ut fupra, expreffam ; Data a* 
N e lvm. quaUone Jluentes quotcunque quantitates involvente % fluxiones tme-- 
nire\ & vice verfd. Quibus extra omnem dubitationem ponitur,. 
le jam antea fluxion um methodum excogitafFe. Qu6d fi reliqua 
in epiftoU ilia animadvertantur ; conftabit utique, fe methodum 
illam jam turn ad magnam perfecTionem provexiffe, & ferine 
admodum generalem: ciim illas in librqfuo Quadraturarum pfo- 
politiones, methodique ferierum convergentium, Uneamquecur- 
vam ducendi per quemvis datorum punetorum numerum, jam- 
turn fibi innotueruut. Quippe, cum fluxionum methodus haud* 
procedit in asquationibus finkis, aequationes in feries convergentes 
reducit per theorema binomiale, perque fluentium extrac*tionem- 
ex aequationibus,. fluxiones earum involventibus vel non involven- 
tibus. Cumque aequationes finitae defuerint, feries convergentes 
ex problematis conditionibus deducit; afliimendo terminos ferie- 
rum gradatim r 8c per conditiones illas determinaildo. Cumque ■ 
porro fluentes a fluxionibus lint derivandoe* Sc fluxionum lex de- 
fuerit ; leg,em earn invenit quamproxime, parabolicam lineam 
per quemirbet datorum punetorum numerum ducendo. Atque 
his progreffionibus, vel illo tempore fluxionum fuam methodum 
multo magis univerfalem fecera* Newtonus, quam vel hodie eft 
methodus Leibnitii differentialis. 

Haec Newtoni epiftola, data 24 OBob. 1676, in fine mentis il- 
Iiu's, vel initio fequentis, vifa eft Leibnitio Londini ; ejufque ex- 
emplar Hanoverige ei obtigir, initio veris infequentis : atque lpfe 
*»lxvi. pau io p^ ft Leibnitius, epiftola data 21 Jim. 1677, refcripfit: Cto* 
rijfimi Slufii methodum tangentium nondum effe abfolutam> celebet* 
ryno Newtono qffentior. Et jam a multo tempore rem tangentium 

generalius 
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generalius traBavi^fcilicet per differentiae ordinatarwn^-Him Ho* 
tmnando in pojlerum, dy differ entiam duarum ' prossimarumj, fee. 
Hie demum prim6 coepit Leibnitius difierentialena fuam method 
dura pioferre : rieque vel minimum argumentum eft> prius earn 
femffe, quam poftremas Newtoni literas accepiflet. Dicit qui* 
dem, jam £ multo tempore rem tangentium generatim fe traSavif- 
fe, jcilicet per different ias ordinatmum. Atqui in ahis Uteris eo- 
<fem modo jam affirmaverat r fe plures convergentes feries, tarn 
directas quam inverfas, inveniffe; priufquam ullam inveniendi. 
eas methodum haberet : oblitumque jam fuiffe mveifse methodi 
jferieruni ; priufb^uam utilitatem ejus perciperet, Nemot in caufl •. 
propria fibi teftis eft. Iniquus admodum fuerit judex^ omnium* 
que gentium jura conculcaverit, qui qnemquam in fua caul^ pro ^ 
legitimo tefte admiferit. Illud ergo eft probandum ac oftenden-r 
dum, jam antea methodum hanc Leibnitium in venifle'^ukn li- 
teras illas Newtoni accepiflet. Qudd fi hoc nullo argumento con* 
firmatum fuerit^ de primo methodi uiventore: nulla, fapereft 
controverfia. 

Marchio Hofpitalius, vir eandidiffimus r fn p-^fatlone libri fui 
Be Anafyp qnantitktutn infinite parvarum, A..D; 1-696 edita^ nar^- 
«at ; ut, paulo poft tangentium methodum- a Cartefio publica- 
ram, Fermatius quoque methodum invenerit,, quam ipfe tandem 
Cartefius fua in plerifque fimpliciorem eife confeifus eft. * Non- 

* dum tamen, inquit Hofpitalius, turn fimplex erat, quam poftea 
♦•iBarroxrio reddita eft, naturam polygpnorum propius confide- 

* rando; quae: fponte fua menti- objicir parvulum triangulum,.. 

* compofitum ex particula Curva>,inter duas onlinatas fibi infinite 
' propinquas jaeentis,, & ex differentia duarum iftamm ordinata- 
fr mm, duarumque itidem correfpondentiam abfeiffarum. At- 

« que hoc triarigoluro ilii fimile eft, quod ex tangente et ordinatl, 

* & fubtangente fieri debet : adeo ut per unam limphcem analo- 

* giamomms jam calculatio evitetur, qua3 . & in Cartefiana, &.m 

* hac ipla prius methodo, neceffaria erat. Quo tamen vel haoe, vel 

* Cairefiana, revocari. ad ufus poffet, neceffari6 -tollcrute. erantv 
fraaiones & radicales. Ob hujus itaque calculi uapwfeaio- 

*nem,- introdi^tus eft ille alter celeberri mi Lcibmtii; mhg- 

* nis geometra inde eft exorto, ubi Barrovius aliique defierartt. 
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* Porroliic ejus calculus in regiones hactenus ignotus aditumfe- 
4 cit; atque ibi tot & tanta patefecit, quae yel .do&immos totius 
1 Europae Mathematicos in admirationem.eonjecerarrt, 8cc.' ■■■* 

Hactenus Hofpitalius. Non viderat.nimirum Newtoni analyfm 
neque epiftolas ejus 10 Dec. 1672, \$Jun. 1676, 8c .24 cW 
3 676 datas: quarum nulla ante annum J 69 9 typis publicata ell 
Nefcius itaque Newtonum hrec omnia effecifle, atque indicate 
•Leibnitio, Leibnitium ipium ^rbitratus,eft.inde incepuTe, ubi defi- 
erat Barrovius ; Leibnitium docuhTe, quo pacto Barrovii metho- 
dus adhiberetur non haerendo ad fraclianes 8c furdas, eaque re 
mirifice earn ampliafle 8c promovifle. -Similiterque Jacobus Ber- 
uouJlius in AxStis Emditorum Jan. .i^-i, p. 1.4, fic memorat : 
■%ui calcidum Barxavianum, quern, in leSlionibus fuis geametricis ad> 
umbravit author,, .cujufque Jpecimina funt tola ilia propofitionum 
inibi conientamm farrago, intelltxer it, \ .[calcuhim] alter urn, A do- 
mino JLeibnitio inventum, ignorare vix poterit ; utpote qui hi priori 
illo fundatMS.efi, £$ nifi forte in differ entialmm not at tone, opera- 
tions aliquo compendio, ab.eo non differ U 

Jam vera, in methodo fua tangentium, Barrovius ducit duas 
ordinatas indefinite fibi irwicera propinquas, literamque a ponit 
pro ordinatarum differentia, proque abfciflarum differentia lite- 
jam e ; 8c in ducendis tangentibus has tres regulas ftatuit: 1. In* 
ter computandum, .inquit, omnes abjicio terminos, in quibus ipfarum 
a vel e potejlas babsatur, vel in quibus ipfce ducuntur in fe. Bt- 
-enim ipfi termini nihil vale bunt. 2. Pojl aquationem conjlitvtanf, 
omnes abjicio derminos, Uteris conjlantes quantitates notas feu' deter* 
minatas Jignificantibus, aut in quibus non babentur a vel e. Et- 
enim illi termini femper ad imam aquationis partem adduEiiy nihi- 
lum adaquabunt. 3, Pro a ordinatam, &> pro e fubtangenum 
fubflituo. Mine demum fubtangentis quantitas dignofcitur. 

Haaenus Barrovius. Leibnitius autem in epiftola z\Jun.i 67 7 
iupra citata, in qua primo differentialem fuam methodum ccepit 
proponere, Barrovianam hanc tangentium methodum exatfp Ce- 
cums eft; praeterquam quod literas, a 8c e, Barrovianas mutaverit 
in dx 8c dy. Quippe in exemplo, quod ibi exhibet, duas ducit 
parallelas lineas; atque omnes terminos fub inferiore lined ponit, 
in quibus dx Sc dy (divifim vel juiwftim) funt plus airdus dimeti- 
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iionis ; omnes verd terminos, in quibus dx 8c dy m abfuntj fuper 
Hneam fuperiorem ftatuit ; 8c, ob rationes a Barrovio datas, omnes 
hos temiinos facit evanefcere. Jam autem per terminos in qui- 
bus dx dedy unius tantum dimenfionis funt, quofque inter binas 
illas lineas ponit, proportionem fubtangentis ad ordinatam deter- 
minat. Recte itaque animadvertit Marchio Hofpitalius, Leibni- 
tium inde irtcipere, ubi Barrovius defierat ;. quippe attriufque me- 
thodus tangentium prorfus eft eadem. 

lllud tamen Leibnitius de hue methodo fuperannotat;. concitt- 
fionem nempe hujus calculi cum Sluftir-regula coincidere ; illam- 
que regulam cuivis, qui hanc method urn? ititelligat, in promptu 
occurrere. Acute fane : quippe in epiftolis fuis Newtonus indi- 
caverat, Slufianam regulam generalis fufe naethodi Gorollarium. 
tantum efle. 

Cumque in epiftolis Newtonus dixiffet; in ducendis- tangenti- 
bus, maximifque 8c minimis' determinandis, methodum fuam 
procedere r , non haefitando ad furdas ; Leibnitius itidem annotat, 
: lie promoveri poffle tangentium ftiam methodum, ut ad furdas 8c 
fractiones non haereamus y & deinde addit : Arbitror y qua celare n°i xvi. 
voluit N-ewtomis, de tangmtibus dueendis, ab his non^ abludere. ®uod 
addit, ex hoc eodem fundamento quadraturas quoque reddi faciliores, 
. me in bde fententid confirmat nimirum femper figur a ilia funt 
. quadrabile^ qua funt ad aquationem diffenentialem. Ex quibus - 
ejus verbis-, cum prcecedente calculatione comparatis, non dubium 
eft, quin tum fatis fclverit LeibnitiuSj Newtono ad manum fuiftc 
methodum haec omnia emcientem ; apparetque eura tentavifte, .ft 
. forte differentialis tangentium " method us Barroviana ad eadera ef* 
ficienda promoveri poffet. 

Differentialis hujus methodi elementa publicavit- Leibnitius in ; 
A^lis Eruditor-um Nov. 1684; exemplifque dueendi tangentes, 
maximafque 8c minimas determinandi, earn illuftravit; quibus ad^ 
dit : Et htc quidem initia funt geometric cufufdam multo fublimio- 
ris, ad difficillima ac pulcherrima qusqm etiam mixta maibefeos. 
problemata pertmgentis; qua fine caleulo differ entiali, aut simili, 
. non temere quifquam pari facilitate traSlabit. Ubi, ,cum dicit aut 
. simili, fine dubio ad Newtoni methodum refpexit totaque ifta - 

periodus 



RE C E TNT S I O 

periodm oimj ampBus in fe habet, quam quod Newtonus, in Ii- 
%em 167 2 & 1676, de fua general i.methodo affirrnaverat. 

Et in A£is Eruditorum 1.6 8 6 r p. 2 7 9, Malo autem,, inquit 
heibnitius, dx^if fimilia adbiber.e, quam liter as pro Hits, quia Mud 
dx en modificatio quadamipftus x, &. c. Sciebat fcilicet in hie me- 
thodo literas, more Barrovii, fatis commode polfe adhiberi ; malebat 
tamen novis fymbolis uti, dx Sc dy; etfi nihil per haec fymbola 
fieri poffit, quod .non brevius coramodmfque per fingulas lite- 
ras fiat. * 

Anno fequente in lucem edita flint Newtoni Principia Philofo- 
phiae; refertus liber ejufmodi problematibus, qualia Leibnitius 
-difficillima appellaverat, & > pulcherrima.etiam mixta mathejeos pro- 
blems a; qua fine. wlculo differ entiali, autsxui-Li, non temere quif- 
quam pari facilitate trafiabit. De hoc libro fic locutus eft Mar- 
• chio Hofpttalius, (ptafi totus fere per buric zaJculum wmpofttusejjet. 
-Et ipfe adeo dLeibnitius, epiftola ad IJewtonum data Hanoveriai 
TfMartii i&giZy ipfiufque manu fcripta, <juae adhuc fupebft, Sc 
•Regiae Soeaetati nuper eft exhibira, earidem rem agnofcebat his 
verbis:: Mirifice ampliavcras gmnetriam tms feriebus ; Jed ediio 
/Principhrum opere, q/lendi/lipatere tibi, qua analyfi riceptanonfub- 
Junt. .Conatus fum ego qmque, notis commodis adbibitis, qua diffe- 
rentiasM fummas exbibeant, geometriam illam, quam tranfeenden- 
Jem appeUo, walyfi qucdammodo fubjicere ; nec res. male proceffit. 
Atque iterum an refponfo ad D. Fatiwm, quod habetur in Aftis 
•Eruditorum Mali 1.700, p. 203, verfu 21, id faflus eft Leib- 
nitius. 

In fecundi libri Principiorum lemmate fecundo, ekmenta hu- 
jus calculi fynthetice demonftrata funt ; & in fine lemmatis eft 
icholium, his : verbis : In Uteris, qua mibi cum-Geometrd peritijfmto 
G. Leibnitio annis abbinc decern inter cedebant, cum ftgnifcarcin 
• me competent ejfe methodi determinant mammas & minitnas, du- 
xendi tangentis & fimilia peragendi, qua in ter minis furdis, aque 
,ac in rationalibus, precedent,; & Uteris tranfpofttis banc fententiam 
Jnvohentibus [Data requatione quotcunqite quantitates fluentes in- 
volvente, fluxiones in venire, & vice verfd] eandem ceJarem: re- 
Jcripfit vir dariQimus [anno proximo}/* quoque in ejufmodi metto- 
dum incidiffe ; & methodum fua m communicavit, a medvix ablu- 

Jentcm 
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dmtem y prater quam inverborum & not arum formuHs. Utriufque 
fundamentum.continetur in boc lemmate* In illis epiftolis, 8c inN e xxvi, 
alia 10 Decemb. 1672 data (cuj us exemplar poft annos *quatuor 
ab Oldenburgio ad Leibnitiura mittebatur, ut fupra, diximus) adeo 
aperte explicaverat fuam methodum Newtonus ; ut non difficile 
fuerit Leibnitio, fubfidio methodi tangentium Barrovianae, ex 
illis epiftolis earn exfculpere. Certum tamen eft, ex arguments 
fupra allatis, non prius eum fciviffe earn-, quam epiftolas illas 
legiiTet. 

, Duarum Newtoni epiftolarum, i$Jun* 8c 24 Q&ob. 1676, ex- . 
emplar ab Oldenburgio acceperat Wallifius, 8c ex eis plura publi- 
caverat in Algebra fua, Anglice edita 1683, Latine autem 1693 ;°Pf;°« p> 
pauloque poft ex Hollandia admonitus eft, ut epiftolas illas inte- 386. 
gras publicaret ; quia notiones de fluxionibus Newtonianas cum 
plaufu ibi per hominum ora ferrentur, lub nomine methodi dif- 
ferentialis Leibnitii. Quamobrem in praefatione primi fuorum 
operum Tomi, A. D. 169 5 editi, ejus rei mentionem injecit. Et 
in epiftola ad Leibnitium, data 1 Dec, 1696, quse in tertio tomo 
extat, h33c de ea re habet : Cum prafationis prafigenda pojlre- 
mum folium eratfub proeh, ejufque typos jam pofuerant typotheta\ 
me mo?iuit amicus quidam, harwn rerum gnaws, qui peregre fu~ 
trat, 4um talem methodum in Belgio pradicari, turn illam cum 
Newtoni methodo fluxionum quaft coincidere. fluod fecit ut, tranf- 
Jatis typisjam pofitis, monitum mterferuerim. Quin Sc in epiftola 
ad Newtonum, data 10 April. 1695 8c Regime Societati nuper ex- 
hibita, fic de eare verba fecit: Vtinam typis ederes prohxas tllas 
duas epijlolas Junii^ Augufti (oaobrem dicere debuit) 1676. 
« Ex Hollandid certior faBus fum, amicos ibi tuos boc pojlulare y 

< quia notiones tua de fluxionibus Leibnitio ibi afcribuntur, fub 

< nomine calculi differentialis. Hoc ex Hollandia accept, cum totus 

< bictomus, prater partem prafationisjam pralofubjeblus effet; ita 
* ut nihil aliud inferere hie potuerim, dum ceffarent opera, prater 

< brevem illam, quam M reperies, narrationem. Non tam aquus ^s 

< vel tuo vel gentis tua bonori, qudm oportebat : cum r«W«M* 
<pretii tam diu in fcriniu celas, donee aHi bonorem ^ " 
« praripiant. Conatus fum in eo negotio debitum nln redden ^ 

« league me non binas iftas epifiolas integras atque «vr*& ■ 
Vol. IV. P P P 
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Porro ilia brevis mentio, quam Wallifius praefationi ilH infe- 
ruit, his verbis habetur : In fecundo volumine inter alia habetur 
Newtoni metbodus de Fluxionibur, tit Hie loquitur^ confimitis natum 
cum Leibnitii, ut hie loquitur ; calculo differ entiali% quod, qui utram- 
que methodum contulerit; fails advert at ; utut fub loquendi formulis 
diverjis: quam ego defcripfi (Algebra, Cap. xci. prafertim, 
Cap. xcv.) ex binis Newtoni Uteris, aut earum alter is, Jiinii j 3, & 
OBob. 24, 1676, ad OldenBurgium datis, cum Leibnifio commum- 
candis ; iifdem fere verbis^ fait em leviter mutatis, qua in Hits Uteris 
habentur y ^/ methodum hanc leibnit^o exponit, turn ante' 
decem annos nedum plures [id eft anno 1666 vel 1665] ab ipftr- 
excogitatam. f^uod moneo, tie quis caufetur^ de hoc caltuk differ 
rentiali nihil a nobis diclum efje. 

His ad hunc modum aclis, anni fequenris menle Junib, edi- 
tores A£torumLipfienfium,, vel potius, ut ex ftylo colligitur } ipfe* 
Leibnitius, cum de duobus prioribus Wallifir tomis narrationerrr 
contexunt, hnjus in praefatione claufulae mentionem feceruntr 
queftique flint, non qu6d dixerit Newtonum, in duabus illis epif- 
toIis,explicuirTe Leibnitio fluxionum method urmdecennio ante ver* 
amplius a fe inventam ; fed quod, de calculo differential! verba 
faciens, eamque ut ait ob rationem, ne quis caufetur de calculo 
differ entiati nihil ab ipfo diclum fwffe, non monuerit lec"torerrt, jam 
turn Leibnitium calculum ilium penes fe habuifTe, cum rrratuar 
illae inter ipfum & Newtonum literae, Olclenburgii opera, bine 
inde fcriberentur. Et in pluribus poli ilia epiftolis, inter Leibni- 
tinm %l Wallifium de ea re conferiptis, non negabat Leibnitius, 
Newtonum, toto ante eas literas datas decennio, dictam methodum 
in venule; id quod affirmaverat ibi Wallifius : non prx> fe ferebat, 
tarn mature fe fuam methodum excogitalTe ; nullo arguments 
probabat, fe ante annum 1677 in cam incidifle ; neque id ip- 
fum probabat, • niii ex Newtoni conceflb ; non affirmabat ipfe, fe 
maturius habuiife ; laud ahat Newtonum, qudd in hk re tarn 
candide egerit ; concedebat, utramque methodum eodem in funi- 
ma recidere ; feque idcirco folitum, communi Analyfeos infinity 
fimae nomine utramque indigitare : adjiciebat, ficuti Vietae Car- 
tefiique methodi, communi Analyfeos fpeciofe nomine fereban- 
tur, licet in aliquibus differrent ; ita forte fuam Newtonique me* 

thod'JS 
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thodos in aliquibus differre poffe : nihilque fibi vindicabat, prae- 
terquam ilia in quibus, ut ipfi videbatur, inter fe differebant, 110- 
tatione fcilicet, sequationibus differentialibus 8c aequationibus ex- 
ponentialibus. In epiftola tamen 21 Jim. i677» oequationes dif- 
ferentials fibi ac Newtono communes elfe exiftimabat. k«ucvi. 

Hie erat, eo tempore, inter Wallifium & Leibnitium controver- 
fise flatus, Quadriennio vero poft, cum D. Fatius fufpicionem 
injecerat, pofle fieri ut Leibnitius, fecundus calculi inventor, i 
Newtono, primo ejus ante multos annos inventore, nonnihil fuiri- 
puerit ; Leibnitius in refponfo fuo, in Actis Eruditorum Maii 
1700 edito, concedebat, Newtonum fuafola Minerv4 methodum 
excogitafle; neque negabat, Newtonum multis annis fe priorem in 
earn incidifle : neque plus fibi arrogabat, quam fe quoque, pro- 
pria Minerva, ac fine ope Newtoni, eandem repperifle ; praeque fe 
ferebat, turn cum primum earn typis ederet, nefcifle fe quicquam 
prater methodum tangentium a Newtono inventum efle. Cum- 
que de fublimi quadam parte methodi loqueretur, qua Newtonus 
A. G. 1686, Solidum minima refiftentias invenerat, haec addi- 
dit : Suam, inquit, methodum ante D. Newtonum & me nuUus, 
quod fciam.geometra habuit ; uti ante hunc, maxbni nominis geome- 
tram, mmofpecimine publice datoje habere probavit; ante dotninos 
Bernoullios cF me nullus communicavit. Hue ufque igitur inven- 
toris primi nomen minime fibi vindicavit Leibnitius ; non aufus 
id facere ante obitum Wallifii, poftremi illorum fenum, qui, qua; 
inter Anglos & Leibnitium per annos quadraginta ada erant, op- 
time noverant. Deceffit autem Wallifius menfe OBobri 1703 5 
Leibnitius vero fibi demum arrogare hoc ccepit Januario 1705. 

Newtonus trac^atum fuum de Quadraturis edit 1704; is vero* 
diu ante editionem fcriptus erat. Quippe plurima ex eo citata funt 
inepiftolis 24 OBob, 8c 8 Novemb. 1676. Speaat autem ad me- 
thodum fluxionum ; 8cnepronovoo F rehaberetur, iterabat id 
Newtonus, quod ante annos novem a WalUfio pubheatum erat, 
nullo turn contradicente, hanc nempe methodum gradatim fu- 
ifle repertam, annis 1665 8c 1666. Jam autem adtorum Lipfi- 

. Be hoc - ^^^n^™ 
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Porro ilia brevis mentio, quam Wallifius prsefationi UH infe- 
ruit, his verbis habetur : In fecundo volumine inter alia habetur 
Newtoni methodus de Fluxionibus, ut Hie loquitur ; conftmilis nature 
cum Leibnitii, ut hie loquitur, catculo differentially quod, qui ulram- 
que methodum contulerit; fails advert at ; ututfub loquendi formulis 
diverfis: quam ego defer ipfi (Algebra, Cap. xci. Wc. prefer tim, 
Cap. xcv.) ex binis Newtoni Uteris, aut: earum alteris, Junii 13, 
OBob. 24, 16 76, ad Qldenburgium datis, cum Leibnifio communi- 
candis; iifdem fere verbis, fait em leviter mutatis, qua in illis Uteris 
habentur y ubi methodum hanc leibnit^o exponit, turn ante- 
decem annos nedum plitres [id eft anno 1666 vel 1665] ab ipfi. 
excogitatam. §fuod moneo, ne quis caufetur > de hoc caliufo diffe- 
rential} nihil a nobis diclum effe. 

His ad hunc modum actis, anni fequenris menle Junib, edi- 
tores A&orum Lipfienfium,, vel potius r ut ex ftylo colligitur, ipfe- 
Leibnithis, cum de duobus prioribus Wallifir tomis narrationerrr 
contexunt, hujns in prsefatione claufulae mentionem feceruntr 
queftique flint, non quod dixerit Newtonum, in duabus illis epif- 
tolis, explicuiffe Leibnitio fluxionum metbodum,decennio ante veF 
amplius a fe inventam ; fed quod, de calculo differentiali verba 
faciens, eamque ut ait ob ratiorrem, ne quis caufetur de calcido 
differentiali nihil ab ipfo diclum fuiffe, non monuerit ledtorem, jam 
turn Leibnitium calculum ilium penes fe habuiffe, dim mutuar 
illae inter ipfum & Newtonum Hterae, Oldenburgi'i opera, hinc 
inde fcriberentur. Et in pluribus poft ilia epiftolis, inter Leibni- 
tium Sc Wallifium de ea re conferiptis, non negabat Leibnitins, 
Newtonum, toto ante eas literas datas decennio, diclam methodum 
ihveniile; id quod affirmaverat ibi Wallifius r non pra fe ferebat, 
tam mature fe fuam methodum excogitaiTe; nullo arguments 
probabat, fe ante annum 1677 in earn incidiffe ; neque id ip- 
fum probabat, - nili ex Newtoni concelfo ; non affirmabat ipfe, fe 
maturius habuiffe ; la'udabat Newtonum, qu6d in hac re tam 
candide egerit ; concedebat, utramque methodum eodem in fum- 
ma recidere ; feque idcirco folitum, communi Analyfeos infinite- 
fimae nomine utramque indigitare : adjiciebat, ficuti Vietae Car- 
tefiique methodi, communi Analyfeos fpeciofe nomine fereban- 
tur, licet in aliquibus differrent ; ita forte fuam Newtonique me* 

thodas 
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thodos in aliquibus differre polfe : nihilque fibi vindicabat, prae- 
terquam ilia in quibus, ut ipfi videbatur, inter fe differehant, no- 
tatione fcilicet, sequationibus different! alibiis 8c sequationibus ex- 
ponentialibus. In epiftola tamen 11 fun. 1677, sequationes dif- 
ferentiates fibi ac Newtono communes effe exiftimabat. N 8 w&u 

Hie erat, eo tempore, inter Wallifium & Leibnitium controver- 
fise ftatus, Quadriennio vero poft, cum D. Fatius fufpicionem 
injecerat, poffe fieri ut Leibnitius, fecundus calculi inventor, k 
Newtono, primo ejus antemultos annos inventore, nonnihil fuiri- 
puerit; Leibnitius in refponfo fuo, in Aais Eruditorum Matt 
1700 edito, concedebat, Newtonum fuafola Minerva methodum 
excogitaffe; neque negabat, Newtonum multis annis fe priorem in 
earn incidiffe : neque plus fibi arrogabat, quam fe quoque, pro- 
pria Minerva, ac fine ope Newtoni, eandem repperiffe; praeque fe 
ferebat, turn cum primum earn typis ederet, nefciffe fe quicquam 
prater methodum tangentium a Newtono inventum effe. Cum- 
que de fublimi quadam parte methodi loqueretur, qu^ Newtonus 
A. G. 1686, Solidum minima? refiftentise invenerat, haec addi- 
dit : '$uam, inquit, methodum ante D. Newtonum me nullus, 
quod fciam,geometra habuit ; uti ante hunc, maximi nominis geome- 
tram, vjLuofpecimine publice datoje habere probavit ; ante dommos 
Bemoullios & me nullus communicavit. Hue ufque igitur inven- 
toris primi nomen minime fibi vindicavit Leibnitius ; non aufus 
id facere ante obitum Wallifii, poftremi illorum fenum, qui, qua, 
inter Anglos & Leibnitium per annos quadraginta ada erant, op- 
time noverant. Deceffit autem Wallifius menfe Oelobn 1703 J 
Leibnitius ver6 fibi demum arrogare hoc <*&Januam 1705. ^ 
Newtonus tra«ftatum fuum de Quadraturis edit 1704; » vero- 
diu ante editionem fcriptus erat. Quippe.plurima ex eo qitata font 
in epiftolis 14 OBob. 8c 8 Novemb. 1676. Speclat aytem aa.me- 
LdCfluxionum ; 8c ne pro novo opere haberetur xterabat * 
N „ qu^d ante annos novem a WalUfio I»b^^ 
nullo turn contradicente, hanc nempe methodum g^^.^- 
iffe repertam, annis 1665 8c 1666. Jm autem. aaorum Lipfx- 
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enfinm editores (hoc eft, ipfe Leibnitius) ciim de tra&atu- hoc 
N'lxxix. agerent, affirrnabant Leibnitium. fuifle priraum ejus methodi in- 
vcntorera, & Newtonum pro differeritiis fl.uxiones fubftituiffe... 
Atque hcuc affirmatio ortum dedit praefenti controverfice. 
n*lxxix. Quippe D. Keillius, in epiftola in Tranfa&ionibus Philofophicis. 
edita-, retorfit in eos hoc telum : F/uxionum, inquiens, Arithmetic 
cam fine omni duuio primus invent t D. Newt onus ; ut cidlibet ejus, 
eptfiolas, a Wallifo edit as , legenti facile coriflabit. Eadem tamem 
Arithmetica pqflea, mutatis nomine W notationis modo, a D. Leib- 
nitio in Acfis Eruditorum edita ejl. ■ ■ 

Newtonus, priufquam viduTet id, quod in a&is Leipfienfibus 
publicatum fuerat, aegre tulit a D. Keillio hoc di<5t urn efle; ne 
forte inde lis aliqua nafceretur. Leibnitius quoque, hoc acerbius- 
interpretans quam vel ;\ Keillio cogitatum fuerat, in Uteris adD, 
wlxxx. Sloane datis 4 M?r/£ 17 li, de hoc ut calurrmia queftus eft; pe- 
tiitque, utRegia Societatis injungeret Keillio, palinodiam ut pub- 
lice caneret. Keillius verd id quod fcriptum erat probaturum fe 
ac defenfurum proritetur ; licentia a Newtono, cui quod in A&is 
Lipfienfibus diftum eft oftendebatur, impetrata. Leibnitius an- 
N»lxxxv. tern, in altera ad D. Sloane epiftola- 29 Becemb. 17 1 1 data, neg- 
le&a accufationis fuae probationer candorem modd fuum pnsdi- 
care, de quo vel dubitare incivile foret ; non modum oftendere,. 
quo methodum inveniffet; in A&is Lipfienfibus fuum cuique da- 
tum eife; fe inventionem novem annis (feptem credo dicere de- 
buit) penes fe celavifTe, ne quifquam (Newtonum intelligit) earn 
fibi praeripuilfe glorietur ; Keillium efle hominem juvenem, re- 
rum antea&arum ignarum ; dixiffe illud, Newtono nolente \ 
rixofum porro hominem effe, cui filentium imponi debeat ; fe 
cupere, ut Newtonus ipfe fententiam de hac re fuam pronuntiaret. 
Atqui fatis noverat, nihil amplius Keillium dixilfe, quam quod 
tredecim ante annis, nullo turn contra eunte, dixerat Wallifius : 
noverat Newtonum fententiam de hac re tulifTe, in introduaione 
ad librum Quadraturarum, prius in lucem editum, quam hcec lis 
moveretur. Wallifms verb jam ad plures abierat : qui reftabant 
in Anglia Mathematici, pro noviciis habentur .* de cujufvis can- 
dore Leibnitius jure fuo dubitare volet; Newtonus denique, nifi 
6 vel 
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vddiflimulaverit rem, vel abnegaverit, in rixas Sc moleftias tra- 
hendus eft. 

Regia itaque Societas, cujits au£loritati non minus Leibnitius,, 
quam Keillius (uterque fdlicet in ea Socii) parere debebant, bis a 
Leibnitio hue provocata, nefafque effe exiftimans, vel damnare 
vel notare Keillium, re nondum examinata ; fcienfque nec New- 
tonum neque Leibnitium, qui in vivis foli vel fcirent quid, vel 
meminifTent, .quod in his rebus ante annos quadraginta a£tum fit, 
in hac Keillii caufa teftes elTe pofle ; negotium id dederunt nume- 
rofib ex Societate confeffui, ut excuterent veteres in Archivis mis 
Epiftolas Sc Chartas, &: quid in eis de hoc negotio reperiffent, So~n°lxxxvc 
tietati exponerent : quam expofitionem ut primum Societas acce- 
perat,Sc ipfam, & Epiftolas, Chartafque ipfas, in publicum edijuf- 
lit. Ceterum ex illis id Confeffui compertum vifum eft, Newto- 
num anno 1 6 69,vel artfea, methodum illam penes fe habuUTe ; Le- 
ibnitium ,ver6, non ante annum 16 77. 

Ut inethodi differentialis primum fe au£torem venditaret Letb^- 
nitius, infimulavit Newtonum, litera. 0, more vulgari, prodato in- 
crementar5 x prim6 4uilTe ufum qui mos differentialis methodi 
utilitates tollit : poft edita vero Principia mutaviffe 0 in x, fubfti* 
tuendo x pro ^ Hoc vero nunquam quis probaverit ; Newto- 
num unquam o 'm x mutavifle, vel ufurpaffe x pro dx, velomi* 
Me uti litera 0. Newtonus in Analyfi, anno 1669 vel antea 
fcripta, & in libro de Quadraturis,- &; in Principiis Philofophiae 
ufus. eft litera ,0 ; atque adhuc utitur, eodem plane quo prius fen- 
fu. In libro de QuadFaturis ufus eft litera -o una cum fymbolo x ; - 
ideoque non pofuit unum loco alterius. Symbola ifta, 0 x, pro 
rebus diverfi generis pofita funt. Prius eft momentum ; alteram: 
fliixio eft, five velocitas ; ut fupra elt explicatum. Ciim litera x 
pro quantitate uniformiter fluente ponitur, fymbolum x eft um-~ 
tas; felitera 0 (feu 1x0) momentum; atque xo & dx idem -mbo 
momentum fignificant. Litera? P un£tat3e nnmquam indicant mo- 
menta ; nifi .cum multiplicantur per momentum 0, vel exprefium» 
vel fubirr&lleanm, quo infinite parvas. e vadant ; 8c turn re&angula , 
pro momentis ponnntur. . n « 

Newtonus non in forrtis fymbolomm fuam methodum confti- 
tuit, neque fe aUigat . ad uUajn unam fpeciem t l mbc ^J^ 
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fluentibus & fluxionibus. Ubi areas Cunrarum pro fluentibus 
ponit, faepe ponit ordinatas pro fluxionibus, Sc fluxiones denotat 
per fy mbola ordinatarum ; ut in Anal yli fua fecit. Ubi lineas pro 
.fluentibus ponit, quaevis fymbola ponit pro velocitatibus puncto- 
rum lineas defcribentium, hoc err, pro fluxionibus primis ; & 
quaevis alia fymbola, pro increraento earum velocitatum, hoc eft, 
pro fluxionibus fecundis ; ut faepe fit in Principiis Philofbphije. 
Ubi autem literas x, y, z, pro fluentibus ponit ; earum fluxiones 
denotat vel per alias literas, ut p, q, r; vel per oafdem literas alii 
forma pofitas, ut x, y, z; vel x,y, z, punctatas; vel perquafvis 
•lineas, ut de, fg, hi, confideratas tamquam earum exponentes, 
Atque hoc quidem manifeftum eft ex libro ejus de Quadraturisi 
ubi, in prima propofitione, fluxiones indicat per literas punctatas; 
in ultimo propofitione, per ordinatas Curvarum; Be in introduc- 
tione, per alia fymbola, dura methodum explicat, tiluftratque per 
exempla. Leibnitius, in fua methodo, nulla fluxionum fymbola 
habet; & idcirco Newtoniana fluxionum fymbola funt in eo ge- 
nere prima. Leibnitius fymbolis illis momentorum, five diffe- 
H°xil rentiarum, dx, dy, dz, primo uti coepit anno 1677: Newtonus 
-momenta denotabat per rectangula fub fluxionibus & momento 0, 
•cum Analyfin fuam fcriberet, anno 1669 vel antea. Leibnitius 
fymbolis fx, fy, pro fummis ordinatarum ufus eft, jam inde 
ab anno 1686: Newtonus, in Analyli fua, eandem rem denotavit, 
inferibendo ordinatam in quadrato vel rectangulo, ad hunc mo* 

Omnia Newtoni fymbola funt in fuo quaeque genere 



•N°vin. dum; 



6£ 



prima. 

Quandoquidem autem infimulatum eft, ufum litene 0 vulga- 
rem efle, ac methodi differentialis utilitates tollere ; e contrario., 
fluxionum methodus, prout a Newtono ufurpata el% omnes dif- 
ferentialis methodi utilitates habet, 8t prseterea alias.. Elegan- 
tior eft; quippe in ejus calculo una tantum infinite parva quan- 
titas eft per fymbolum denotata, idque fymbolum eft 0. Nullas 
quantitatum infinite parvarum ideas habemus: & idcircgin fuam 
methodum fluxiones introduxit Newtonus, ut, quantum fieri pof- 
fit, per finitas. quantitates procederet. Naturalis magis eft magif- 
$ue geometrical fundata fcilicet fuper primis quantitatum 

- centium 
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gentium rationibus, quae exiftentiam in geometria habent : cum 
indivifibiUa contra, fuper quibus fundata eft differentialis metho- 
dus, nullam exiftentiam habeant, nec in geometria neque in na« 
tura. Sunt quidem rationes primas quantitatuno nafcentium; at 
non funt quantitates primae nafcentes. Natura quantitates gene- 
rat per continuum fluxum, five increfcentiam : talemque arearum , 
& Solidorum generationem admiferunt veteres Geometrae ; cum 
lineam unam in aliam ducerent, per motum local em, ad generan- 
dam aream; atque aream in lineam per motum localem ducerent, 
ad generandum Solidum : at computatio indivifibilium, ut inde 
componatur area vel Solidum, nunquam in hunc ufque diem in 
geometria* locum habuit, Porro Newtoniana methodus utilior 
quoque eft ilia altera, atque certior ; quippe adaptata Sc ad promo- 
te inveniendam propofitionem per tales approximationes, quales 
in conclufione nullum errorem creent, 8c ad earn exacts demon- 
ftrandam : Leibnitiana vera methodus ad inveniendam tanturn 
propofitionem, non ad demanftrandam accommodata eft. Ciim 
operatio non fuccedat in aequationibus finitis, confugere folet 
Newtonus ad feries convergentes ; unde methodus ejus fit incom- 
parabiliter magis univerfalis, quam illa'Leibnitii, quae intra finitas 
rcquationes terminatur: fiquidem ille nullam partem habet in in- 
finitarum ferierum methodo. Anno* poft aliquot quam ferierum 
methodus inventa eft, Leibnitius propofitionem invenit pro tranf- 
mutandis curviHnearibus rrgnris, in alias sequalium arearum cur- 
vilineares, ut inde per feries convergentes quadrentur; at me- 
thodi figuras illas alias, per tales feries, quadrandi non erant Leib- 
mtii. Ope novoe illius Analyieov rmjorem illarum propofitio- 
num partem* qute in Principiis Philolbphise habentur, mvemt 
Newtonus. At cum antiqui Geometry quo certiora omiua fi- 
crent, nihil in Veometriam admiferint, priufquam fynthence dc- 
monftratum effet; idcirco propofitiones fuas iynthetice temoii- 
ftravit Newtonus, ut c^lorum fyfterna fuper certu geomctna con- 
ftitueretur. Atque ea caufa eft, cur homines harum icrum im- 
periti analyfin latentem, cujus ope propoiitioncs lUse invents 
funt, difficulter admodum perfj)iciant, 

^ Infimulatum eft, New—, in faholio fub fmern Imn de Qua- 
draturis, pofuifle tertium, quarttim,. quiutum^e termuios ienei 
31 convergent^ 
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cohvergentis refpe&ive eequales feeund«e, tertise, quartceqtie diffe* 
rentiis primi termini ; 8c proi ntle rnethodum fecundae, teniae, quar- 
t*que difFerentiarum turn non intellexilie. . Atqui in prima libri 
■ejus propofitione, anno 1693 a WalMo edita, modum oftendit 
inveniendi primam, feeundam, tertiam, fequentefque fluxiones in 
infinitum: ac proinde cum librum eum fcriberet, ante annum 
nempe 1676, omnium omnino fluxionum in veniendarum rne- 
thodum intellexit ; 8c confequenter, omnium differentianmu 
Quod li earn non intellexit, cum anno 1.704 fcholium illud in 
fine libri fubjunxerit : necefte eft hoc eo contigiffe, quod per if- 
; torum annorum intervallum de memoria forte ei exciderat. Hoc 
folum igitur difquirendum eft, oblitus ne fuit methodi fecunda- 
^rum tertiarumque difFerentiarum ante annum 1704. 

Principiorum Philofophiae libri fecundi propofitione decima, 
•ciim exponeret militates aliquot terminorum convergentis feriei 
ad folvenda problemata, hoc docet Newtonus : Si primus nempe 
feriei terminus repraefentet ordinatam, ch, cujufcumque curvae li- 

neae, phq_; Sc chdm lit paralle- 
fcgrammum infinite exilt, cujus 
latus, dm, fecet Curvam in 1, 8c 
tangentem ejus, hn, in N; turn 
fecundus feriei terminus reprae- 
fentabit lineam mn,& tertius ter- 
minus lineam Ni. Atqui linea ni 
B c d~e~o dimidium tantum eft fecund© 
differentiae ordinatae : 8c proinde, cum Principia fua Newtonus 
fcriberet, tertium terminum. feriei aequalem pofuit dimidio fe- 
cundae differentiae termini primi: 8c confequenter, non oblitus 
turn erat methodi difFerentiarum fecundarum. 

Dum in eo opere verfaretur, faepilnme ei confiderandum erat 
incrementum Vel decrementum velocitatum, quibufcum quanti- 
tates generantur ; inque e& re recle argumentatur. Atqui in* 
crementum illud, vel decrementum, eft ipfa fecunda fluxio quanti- 
tatis : non ergo oblitus turn erat methodi fluxionum fecundarum* 
Anno 1692 Newtonus, a Wallifio rogatus, mifit ei propofi- 
tionem primam libri de Quadratures, cum exemplis ejus inpn- 
rnis fecundis tertiifque fluxionibus ; id quod cuivis videre eft m 
^Wallifii operum tomo fecundo (anno 1693 edito) pag. 39 x » 39 2 > 

393 
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393 & 3 9 6 « Ideoque ne turn quidem oblitus erat methodi fe- 
cundarum fluxionum. 

Nec fane verifimile eft, fe anno 1704, cum diftum fcholixim . 
adderet fine libri de Quadraturis, oblitum effe non folirni prim® . 
ipfms illius libri propofitionis, fed 8c ultimas quoque, ad quaiUi 
fcholium iftud fubtextum erat. Si vocula ut, quae in fcholio illo 
inter verba erit 8c ejus cafu aliquo excidiffe potuit, ibi reponatur; * 
turn fcholium iftud 8c duabus illis propofitionibus, & ceteris New- 
toni fcriptis, congruet : 8c fruftra omnino erunt, qui oblivionem 
hie cavillantur. 

Atque hacftenus de natura atque hiftoria barum methocbrum 
egimus : porro haud abs re fuerit, de toto hoc negotio obfeiva- 
tiones pauculas fubjungere. 

In Commercio hoc Epiftolico, tres memorantur Leibnitii rracN* 
tatus ; fcripti nempe omnes poftquam exemplar Principiorum 
Newtoni Hanoveriam ei miffum fuerat ; poftquam viderat quo- 
que ejufdem libri recenfionem, in A&is Eruditorum Jan. Be Feb. 
1689. In his verd Leibnitii traclatlbus, primaria? Newtonian! li- 
bri propofitiones novo raodo recomponuntur, Leibnitioque arro- 
gantur ; quafi prius eas ipfe invenerat, quam Newtoni liber ede- 
retur. Quis teftem in fua ipfius caufa patienter ferat I Vel fidem 
faciat Leibnitius, fe, ante Newtoni librum editum, eas excogitaffe; 
vel de eis libi vindicandis pudorem habeat. 

In tra&atuum illorum poftremo, vicefima propofitio (quae om- 
nium Newtonianarum primaria eft) Gorollarium fit propofitionis 
decimae nonae. Atqui decima Ula nona demonftrationem fibi an- 
nexam habet wzfuXoyov 8c falfam. Aut evincat itaque Leibnitius, 
demonftrationem iUam non falfam effe; aut fateatur fe 19 8c 20 
propofitiones non ejus demonftrationis ope repperiffe; fed, quo 
Newtoni eximiam illam propofitionem pro fua venditaret, de- 
monftrationem ejus extundere fruftra tentaviffe. Quippe in xx 
Propofitione pras fe fert, nefcifle fe, qua earn via Newtonus inve- 
nerat; ut fidem fcilicetleaori faceret, fe, fine illius ope, eandem 
repperifle. 

Ex erroribus in xv» 8c xix a Leibnitii propofitione commiffis, 
oftenderat Keillius, Leibnitium, ciim tres illos traOatus r ^ lber fj 
operandi vias in fecundis differentiis non optime aHm^. Id 

vol. iv. Qqq quod 
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qrKK*'artirjrtus adhuc conftat,ex illius Tra&atus tertii Propofitioni- 
bus x, xi, & xii. Has enim conftituit ceu funddmeritum infi- 
niwfi'ibfalfs ftat Analyfeos} in conikterandis virions cenfrifugis ; 8c 
decMafrt quidem f>rope>mr in rdariosie ad centrum cufvitatis or- 
bftae i in tiflderima tamerv & duodecimo earn adhibet in relatione 
ad centrum circulationis. Ci*m haec duo diverfa cent t a confude- 
ritjiri ftindaimejnfraiibus his i>rt>ix>fino-Tiib\i&, filler quibus caletil'um 
finimftruebat;* non porii it- fieri, quin itt'iuperaed4fitaod6peccarfet: 
ne'qtfe ex ett bribus illfsextricare fb ■ valui** per igrioeantiam ruam 
in fecundis tertiifque difFerentiis. A {que hoc ulterius conftat, ex 
fexto'fecundi tra&atus articulo. Quippe in jfte tfrti'culd lapfus eft 
Leibhitrus; peccatitrrique eo admifit,i qti6d nfefcirer ficttndas tei> 
tiafque differentias rede traftare. Curar hfls* ittique tra&atm com- 
pdneiet, iii difcipulorum adhnc cla1& ^r&batur ; ; idque eum dc- 
cet, h* pudor eft, candide fateri. 

- Omhino ergo veriffrrfire eft, quetnadirtodWm ex di&is tribus 
Nevfrtohi epfiftbli^, cum J&rrovkni tan^^Tt^fe^fhbdocottipara-' 
tis, differehtialem illam riaeihdduAft exriiderat' Leibnitius i ita de- 
cennio p6ft, cum Newtoni prindpia Philofopftite in jmbKcuriv 
prodirent, aliqtiatenus eura in ilia progreffnm efle; tttfm fenfaret 
thtfam metliodum adprimarias Newtoni pro^ofitiories extentfefe; 
& ea occafione tfes ilfos traclat^conncefet- ' Quippe prbpofc 
tiones, quae in illis habehtur, fi errc#e$ & qui%iirias deftipferis, 
4nSih'k«J-»el Ne^toftiawae fum, vel ut : c<>roMam exeis facfle-fleclu- 
ceiidffi; in alia fcilicet verborutn forma,, re tarrieia ntfn ■ ffiverfl; 
jani ante 4 Newtono publicatae. Has tstme^n Leibn-ftius vendita- 
vit, "talfriqdaflfi.Are Toto- diii ante- in ven'?a&j qttXm a- N r ewt6n<a fif* 
editse. Nerh'pe id exfremo priitoi tra&ar&s, itrtenUTc eas fing»> 
antequam Newtoniana Princrpia pro^fiffehr* irrAW6 nOnriullas ex 
eis, antequam ipfe Parifns difcefliffef, fcofe eft, ante QSfobrefH anni 
1676. Tra&atum altitem fecundtirm claudit his verbis: M*/# 
deduct pitfunvfrmi accomhiodatar Jed nobis nunc fundamen- 
ts g^m^trmjeciJftfUffecerit, in r}itWte > maxima cotoJiJieMt del- 
tas: & fortaffu.attenteconjlderantu viasquafdam novas, ftitiS-Mk* 
mipedfms, aperuije vtetbtmur. XMfiia autm re/pendent wp* 
Miftifi in/ihiMrum j hoc ejl cal&ub fummaruht 4f diftrentiarMh 
eujus ekfrtrnta f?u*4a m & bis Mih dedimuS) mmmu nibns 
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licuit verbis btc exprqffiu In his, ut,\ides, jafiat .Lptbnititts, 'jfc 
primurn fundament 0 geometric a, in. quibus Maxima conjijtebat diffi- 
^«//tff, in hoc ipfo:tra£tatu fecundo poliiiflc; fcciuc folum vhs 
qua/dam novas faiis antea impeditas in tra£Utu eodem a|>eruifle ; 
cum tamen pdias femie biennio prodiiffent Newtoni Ppincipio, 
atque in hoc ipfo traiftatu. edolando, fubfidio fuiffent Leibnitio; 
quin &: communibus quoad iicuit verbis compofita '.effent ;: atque 
omnia ifta fundamenta omnefque iftas vias novas in.fe contuse- 
rent. Atque horum omnium confcius erat Leibnitius, turn cvun 
tradatum ilium ederet; ultroque turn agnofcere & pcaedicarc de- 
bebat, Newtonum fuifle, qui Fundamenta Gsometrnca m quibus 
maxima confifiebat difficultas primus pofueiit; qui vias.novas\ fat is 
antea impeditas, ■. primus expediverit. Atque haec quidem omnia 
quodammodo agnofcebat in refponfo ad D. Fatium ; guam me- 
tbodum, inquiens, ante damnum Newtonum M me* nuilus quad 
faam gecmetra babuit\ uti attte bunc, maximi nominis geomttram, 
nemo, specimine /»»Mcfi datOyfe habere probavit. Atqui quod 
-ea occafione tarn Uhere faffus.eft Leibnitius; fi candor,, fi honor 
ei conftet, ubique ac femper profited debet. 

In epiftola fakiS Maii 1697, ad Walliiium fcripta, fie narrat i 
Leibnitius : Metbodum, inquit, ftuxionum profundijimi Newtoni 
tognatam ejemetbodo mea diferentiali, non tantum animadvert^ 
poflquatn opus ejus [Principiorum fcUicet] V tuum prodtrt; fed 
€tiam prof ejus f urn in ABis Eruditorum, & alias quoquemonuu 
Id enim candori meo convenirejudicavi, non minus quam ipfius me- 
rito. Itaque communi nomine dejignare jUeo Analyfeos Infimtejtma- 
Us; qualatitisqu^mtetragonifticapatet. Interim quemadmodwn 
^ Viet tea &> Carte/tana met bodus Analyfeos Speciofa nomine ventt, 
difcrimma tamen nonnuUa fuperfunt ; ita fortaje tf Newtonmna 
W Mea differunt in nonnuUis. Et in his quoque profitetur Leib- 
nitius, cum Newtoni Prmcipia prodiiffent, fe percepifle ftatim at- 
finitatem, qua^ inter geminas methodos intercedit ; U idcirco com- 
muni fe utrantque infinitefimalis methodi nomine vocitare 5 qnm 
& candoris fui effe, ■ ut affinitatem illam agnofcat. Atquifi pro 
homine candido haberife poftulati idem hoc, quod agnovu ohm, 
U nunc debet agnofcere. Quin U fatetur 
nam eo fere gradu to methodo pneivifle, quo Vietnam Carte- 
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fmmi aique ut inter has, £c intenfuam & Newtdni, clifcrimma 
qufedam manere: &: deinde ea enumerat, quibus methodum 
Newtoni ampliafle, & promoviffe fe arbitrator. Atqui tempocis 
. illam praerogativam,quam turn; apud Wallifium, Newtono conce- 
debat; etiam adhuc, & apud fuos, debet con cedere. 

Cum difcrimina ilia, five augmenta, Newtoni methodo a fe atl- 
dita memorat Leibnitius ; in fecundo loco ponit Differentiales M- 
quationes. Atqui epifto.'ae illae, quae anno 1676 inter ipfos iu- 
tercefierunt, clare monftrant Newtonum eo tempore differentiale& 
iftas habuHfe ; Leibnitiurn verd minime. In tertio loco recenfet 
uEquationes Exponentiales: atqui has quoque Anglis debet Leib- 
nitius. WaUifms, in ferierum interpolatione, coniideravit frac- 
tos & negativos dignitatum indices : Newtonus in computations, 
analyticas fraftos ( a ), furdos, negativos, & indcfinitos dignitatum 
N'Lxiv. indices introduxit; & epiftola 24 1676 certiorem fecit 

Leibnitiurn, ad affect-as aequatiomes, . qii£e ( dignitates eas, quarum 
indices fracti vel furdi erant, involverent, fuam methodum fe ex- 
wlxix. tendere. In.refponfo autem,- ii Jan. 1677 dato, viciffim petit a 
Newtono Leibnitius, ut dicere vellet quid de refolutione aequa- 
tionum fentiret, involventium , dignitates quarum indices eftent 
indeterminati; quales hae effem,^.+/=;*y. #*+y= Atquti 
has ipfas aequationes nunc exponentiates nomitiat; feque orbi lite- 
rate venditat primum earuna inyentorem ; hancque ut eximiam 
quandam inventionem oftentat : nec tamen vel agnovit hactenus 
auxilia, ad rem eaminveniendam, a. Newtono fibi fubminiftrata ; nec 
vel uno exemplo utilitatem ejus, ubi dignitatum indices- fin* flu- 
entes, oftendere valuit. Ciim autem, ' ut credMe eft, oondum, 
earn, pro folita fu^irapatientia, praeque talis exempli inopiaabje- 
cerit ; aequum eft, ut fperemus tandem eum aliquando mirificam 
ejus utilitatem publice oftenfurum.efle. 
n°lxiv. In epiftola ad Leibnitiurn, 24 data, Newtonus dixe- 

rat, fe binas, inverfa tangentium problemata 8c alia ejufmodi dif- 
hqlia refolvendi, raethodos habere ; quarum tin am eon fift ere in */• 
Jumenda feriem pra qudvis ignotd quantitate, unde cetera commodl 
poffent deduct ; &> i n confer endo homologos termmos fuborientis a- 
quationtS) pro deter minandis ojfutnpta Jkriei termmis. Quid.bic 

(0 Vide Tom. I. p. iq, Not. \ 

' * .. facit 
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facit Leibnitius ? Multos poft annos, in Ac"tis fcilicet Eruditorum 
Augtifti 1693, hanc methodum tamquam fuam publicat, ejuf- 
que primam libi inventionem arrogat. Aut publice ver6 huic 
abrcnuntiet ; aut arguments vincat fe earn inveniffe, priuiquam, 
di£as Newtoni literas acceperit. 

Illud quoque publice et confitendum eft ; fe Otdenburgii epif- 
tolam 15 Aprilis 1675 accepifle; qua plurimae feries convergen- 
tes pro Curvis quadrandis, 8c imprimis ilia Jacobi Gregorii pro ar- 
cu dati tangentis tnveniendo, atque inde circulo quadrando, con- 
tinebantur. Hoc quidem privatim faflus eft, epiftola ad Olden- N <> 
burgium, propria manu 20 Maii 1675 fcripti, quaeque etiam ad- XXXVIL 
hue fupereft in libro Hegtae' Societatis epiftolari : nondum tamen 
public^: agnovit ; ut turn fane factum oportuit, dun illam ipfam 
feriem ut fiiam maluit edere. 

Porro illud quoque agnofcendum ei eft publice ; fe extracta N° xlvt, 
epiftolarum Gregorianarnm accepifle, quae ipfius rogatu Pariftos 
ei mifit Oldenburgius menfe Junto 1676; in quibus erat una Gre- 
gorii, de ifta ferie 15 Feb. 167 1 ; & Newtoni alia,, de Methodo- 
Fluxionum, 10 Decern^ 1672. n«xliic 

Quandoquidem autem in epiftola, 2 S Dec. 1 6 75 , Oldenburgio- 
ftgnificavit Leibnitius, fe feriem illam cum amicis Parifienfibus,.. 
-biennio ante, communicaffe ; deque ea re aliquoties ad ipixim fcrip-N* xliv.. 
fifle : in alia item epiftola, 12 Maii 1676, fe de ferie il&ante ali-N» ui. 
quot annos ad ipfum literas dediffe : porro in aliSj 27 Aug. 1676,. 

feriem illam amicis oftendiffe triennio ante & amplius, hoc eft, 
quam primum Parifios a Londjno venifiet: illud a Leibnitio jure 
expeclamus, ut dicat qui evenerit,, ut, ciim Oldenburgii epiftolam n* xliv.. 
15 Apr. 1675 acciperet, illam ipfam feriem effe fuam ignoraverit. 

In epiftolis, 15 Jul. U 26 OBob. 1674 datis, non nifi unamN^xxxir,. 
feriem memorat * Leibnitius pro circuli circumferentii ; metho- 
dumque, qua ad hanc pervenerit, fibi etiam feriem obtuliffe di- 
ck, pro arcu cujus finus dams fuerit, etfi arti% proportio ad err- 
cumferehtiara totam fit ignota. Ergo ifta methodus r ex dato tn- 
ginta graduum fmu, feriem ei fuppeditavit pro circumterentia 
■tota'. Quod ft feriem. quoque habuit pro tota circumtererrtia, a 
xlv graduum tangente deduaara; rogatur ut publice. doceat, 
qu^ methodo, qux^ ambas iftas feries ei. dare poflet, eo tempore fit 
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Tifns: cum methodus per figurarum tranfmutationem nequaquam 
hoc efficere valeat, Rogatur infuper, lit rationem reddat, cur in 
iftis epiftol'is non nifi unam circuli quadraturam memoret. 

Porro fi anno 1674 jam turn demonftrationem habuit feriei 
pro inveniendo,cujus finus datus fit, arcu; rogatur, uteam in pub- 

N'xuv* -licum proferat; dicatque, cur in epiftoli 1 1 Maii 1 676 ab Olden- 
-burgio peteret, ut ine Newtoni demonftrationem pro ipfailla fe- 
-rie a Collinio adipifceretur ; & qua tandem re Newtonian a feries 
-il-fua ilia difFerat. Quippe ex his omnibus non levis fufpicio ori- 
-tur, Newtonianam feriem, pro reperiendo cujus finus dabs fit 
arcu, Leibnitio dum in Anglia commoraretur, efle traditam: il- 
lumque poftea, 1 6 7 3, Pari fien films earn amicis pro fua vendit-affe ; 
proximoque anno, etiam ad Oldenburgium, quafi de fua literas-de- 
difle, quo demonftrationem, five methodum ferierum ejufmodi 
inveniendarum, expifcaretur. Anno vero infequente, cum 01- 
denburgius 8c iftam, de qua loquimur, feriem, & illam Gregoria- 
• nam, & fex praeterea alias ad ipfum mifuTet ; non diutius earn fe- 
riem arrogare fibi Leibnitius. fuftinuit, inopia demonftrationis : 
feque dixit, feries iftas lente examinare, cumque fuis comparare; 
quafi fuse illse a feriebus ex Anglia miflis eflent diverfae. Deni- 
. que, cum feriei Gregorianae demonftrationem extudiflet per figu- 
rarum tranfmutationem, Parifienfibus earn feriem amicis velut 
fuam oftentare ccepit; ut ipfe in A&is Eruditorum Apt, 11691, 
pag. 178 narrat; Jam anno, inquiens, 1675 compofitum bakbatn 
epufculum^uadratura Arithmetical, ab amicis ab illo tempore leclum, 
&c. At amicos iftos celavitepiftolam, qua per Oldenburgium 
illam feriem riae"tus eft; ipfique adeo Oldenburgk) afleveravit^fe, 
uno alter© ve anno ante fcriptam ejus epiftolam, feriem iftam rep- 
perhTe. Porro & fequente anno, cum binas Newtoni feries per 
& xliv. Gregorium quendam Mohr iterat6 accepiflet, fie de eis ad Olden- 
burgium fcripfit, ut numquam fibi antea vifis ; ab eoque petiit, ut, 
per Collinium, Newtoni, pro eis 'inveniendis, methodum nancifce- 
rctur. Caeterum hanc gravem fufpicionem fi eluere volet Leibni- 
tius; illud imprimis argumentis certis oftendat, fe feriem nto 
Gregorianam, priufquam per Oldenburgium earn accepiflet, fuo 
folius acumine repperifie. 

Hoc 
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Hoc quoque, prout aequurn eft, monftrabit Leibnitius % qua 
primum methodo diverlas illas regrefiionis feries, pro circulo & 
hyperbola, aNe'vvtt»no quidcm ad ipfum miffas 13 Jun. 1676, atN 9 XLnt. 
ki epiftolaf*4 *7 'fequentis AugujH fibi attributas, invenerit, an« N 
tequam a Newtono eas accepiifet. 

G6mque ab ipib rogatus Newtonus regrefiionis methodum eiN 8 Lxiv. 
kiadicavilfet ; quam ut primum legit Leibnitius, neque fuam efle 
agnovir, 8c ne inteltexit quidem : poftea vero quam percipere n° lxx. 
earn potuit, ut f\tam fibi arrogavir, olim fcilicet a fe inventar% 
fed in chartis fuis feconditis ohlivione fepultam : vel probet Leib- 
nitius, fi candidi sequique hominis nomen cupit auferre, fe pri* 
mum ej«w methodi . invehtorem efle, vel vero inventori concedat, 

I iv literis ad Oldenburgium datis 3 Feb. 167} proprietatem n° xxx, 
tjuandani feriei numerorum, natural ium, triangularium, pytami- 
daliunv triattgulo-triangulorium, &c. ut inventum fuum oftenta* 
vit Leibnitius ; quoque majorem fidem face ret, mlrari virus eft 
D. PafcalmrH, in triangulo fuo Arithmetko, earn praeterifle* Ce- 
teriim is ltber Pafcalii anno editus eft 1665, atque iftam ipfam 
feriei ejus proprietatem continet. Agnofcat itaque Leibnitius^ 
proprietatem iftam minime a Pafcalio fuiffc praateritam ; neque 
pergat fibi vindicare, cum veri inventoris injuria. 
- Abrenuntiet quoque methodo differentiali Newtoni neque fe n°xxx. 
in partes tngerat, qiiafi fecundus fcilicet inventor. Secundis in- 
ventoribus, etum revera talibns, vel exiguus vel nullus eft honos ; 
tituti vel juris nihil eft. (^iid cum iftis igitur fiet, qui vel fecun- 
dos fe fuitfe, nullis certis argumentis polfunt evincere ? In literis 
^d D. Stoane, 19 Decemb. 1 7 1 1 datis, amicos ait fuos probe fcire, n» lxxxv, 
ijuo paclo differentialem methodum invenerit. Quid amicos no- 
%is narrat ? Ipfe plane, aperte, fine tergiverfatione dicat, qua 
-earn via, reppererit. , 

In iifdem ad D. Sloane Uteris narrat, fe, novenmoante quam 
*am in lucem cderet, methodo potitum efle ; hoc eft, anno 167 5 
-vel prite. Atqui ccrtum eft, 27 Aug. 1 676, cum hteras ad Ol- 
denburyium mittcret, nondum ilium habuiile earn. Qmppe ,bi 
W,- problemata invert tangentium method., ptanmaque 
alia, non pofle ad feries infinitas, neque ad aequationes, au^cpo- 

T 
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draturas reduei. Quomodo base duo coneiUari inter fe poffint, 
ipfe, ubi otium eft, videbit. 

Jam fupra didicimus, Leibnitium, dum per Angliam & Hol- 
landiam domura rediret, dedhTe operam Slufianae pro tangenti- 
bus methodo promovendse, &: ad omne genus problemata exten- 
dendse; eaque caufa generalem tangentium tabulam conficere 
voluifle. Nondum igitur veram iftius methodi promotionem 
invenerat. Atqui femeftri fere pdft tempore, cum in veram ejus 
promotionem recens inciderat, refcripfk his verbis : Clariffimi 
Slufii metbodum tangentium nondum effe abfolutam, cekberrimo 
k°lxvi. Newtono^ affentior: & jam a multo tempore rem tangentium 
generalius traclavi, fcilicet per differentias ordinatarum. Bene 
fane, a multo tempore ; nimirum femeftri. Excogitet jam ali- 
quid, pro candore fuo, Leibnitius, cur tantillum temporis ut rnulr- 
tumdepraedicaverit; nifi eo confiUo, ut inventoris titulum New- 
tono praeriperet ; fidemque faceret, fe, diu antequam Ne wtoni Ute- 
ris earn edoftus effet, differentiaiem methodum penes fe habuuTe. 

In A&is Eruditorum Junii t6$6 f dum duos priores Walliiia* 
riorum Operum tomos recenfent editores (hoc eft, ipfe Leibnitius) 
ira narrant : Ceterum ipfe Newtonus, nan minus candore qudm pra* 
Claris in rem matbematicam mentis in/ignis, publice & privatim 
agnovit Leibnitium, turn cum, interveniente celeberrimo viro Hen* 
rico Oldenburgio Bremenfi Societatis Regia Anglican* tunc fecre* 
tario, inter ipfos, ejujdemjam turn Societatis, focios, commercium 
inter cederet, id efl, jam fere ante annos viginti & amplius, calcu- 
lum fuum differentiaiem, feriefqueinfinitas, & pro iis quoque me* 
tbodos generales habuiffe ; quodlf^allifius, in prafatione operum fac- 
ia: inter eos communicationis mentionem faciens, prateriit; quoniam 
deeofortaffe nonfatis ipft conflabat, Ceterum differentiarum con* 
fideratio Leibnitiana, cujus mentionem facit Wallifms, nequis fcili* 
xet, ut ipfe ait, caufaretur de calculo differ entiali nibilab ipfo die- 
iumfuijfe, medit at tones aperuit, qua aliunde non aque nafcebanr 
iur. Ex his patet a Leibnitio ledam efle pnefationem illam Wal- 
iifii ; in qua narrat is, Newtonum, annp 1676, methodum fuam 
fluxionum Leibnitio explicavhTe ; quarri tamen decennio ante, vel 
amplius, N ewtonus invenuTet. Atqui a Newtono nunquam ere- 
ditum eft, Leibnitium ante annum 1677 differentiaiem metho- 
dum 
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dum invenifie : ipfequ* adeo Leibnitius, in A&is Eruditorom Apr. 
1 691, p. 178, faffuseft, inventim effe poftqiiam domum Pari- 
fiis rediffet ad negotia publica eapeffenda ? hoc eft, poft annum 
1676. Quod autem ad generalem ejus infinitarum ferierum me- 
thodum attinet ; tantum abeft ut generalis dicenda fit, ut vei 
exiguae vel nullius prorfus lit utilitatis ; nifi forte ut anfam Leib- 
nitio prsebeat, qua Gregorianam,procirculo quadrando, feriem fibi 
adhamet transferatque. 

In refponfo ad D. Fatium, in Actis Erud. 1700, p. 203, edi* 
to, haec habet Leibnitius. Ipfe [Newtonus] fcit urns omnium 
optime, fathque indicavit publice, cum fua Matbtmatica Naiurd 
Principia publicaret, anno 1687, nova queedam inventa' geometric 
ca, qua ipft cemmunia mecum fuere, neutrum luci Afi aLt**<J 
AcciPTvfi, fed mediiathnibus quemque fuh debere\ & d #t* decen- 
nio ante [i. e. anno 1677] expoftta fuijje. Atqui in libro PrincU 
piorum h!c ad partes vocato, minimi agnovk Newtonu^ fuis eaM 
methodum viribus inve'riiffe Leibnitium, noh a NeWtonianis ilHft 
cpiftolis adjutum : Wallifiufque nuper contrarium afleve'raverat, 
refelkrtte turn nemine, vel contradicente. Quod fi poftea eanl 
fine ope NeWtoni quam maxime invenilfet Leibnitio, fecitndis 
tamen inventoribus exilis prorfus eft gratia, nec nifi in inferior! 
fubfeltb loeus ; ne dicarri, jus omnino nullum. .... 
■ In eodem ad Fatium refponfo haec quoque habet Leibnitius : 
Certe cum element a calculi mea edidi anno 1 684* ne conjlabat qui- 
dem mibi aliud de inventis ejus Tfc. Nexvtoni] in bocgenere, quant, 
quod ipfe olim ffgnificaverat in Uteris, poffefe tangent es invemre non 
fttblath ir rationales; qwdHugenius quoque fe pqfe mtbt ftgntfic a- 
vit pofka, etft caterer urn' ejus calculi adhuc expers.. Sed major a 
multo eonfeeutum Newtonum, vifo demum libra Principmum ejus, 
fat* intel/exi. In his iterum agnovit, librum Principiorum ad 
Newtonianam fluxionum methodum fibi adrtum pAtefeeiffe: idem 
tamen ipfe jam negat, quicquam iUms methodi mJOo hbro 
' contirieri. In his toulat, fe, priufquam ifte liber produffet, « W 
amplius de Newtoni inventionibus fqviffe, quam quod metho- 
dum quandam tangentium habuerit ; U ^J e ^"^ 
dum ejus fluxionum percepifle = atqui in epiftoll , ^ 
data, agnovit methodum earn ad ^rvilineariim ^ 

Vol. IV. . Rrr 
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flrattwas ie extendere,. fuaeque funilem efle. Verba ejus hsec fane ? 
Arbitror qua ce/are voluit Newtmus, de tangentibus ducendk y ab 
bis non abludere. ^od oddity ex hoe eodem fundament 0 quadra 
teras quoque reddi faciliores, me in fententia bdc confirmdt ; nimk 
rumfempsrjgura ilia Junt quadratics, qua Junt ad aquationem 
differ eniialem.- 

Newtonus in tribas iliis epiftofis, quas, ut diximus, ab Olden- 
burgio Leibnitius acceperat, tam generalem efle fuam methodum 
dkerar,. ut ope aequationum, ftnitaruna & infinitarum, determi- 
naret maximas & minimas,. tangentes, areas, folida contenta, cen T 
tra-gravitatis* longitudines accurvitates curvarum linearum, cnr T 
vilineanimque figurarum, id<jue fine ablatione radicalium ; ex T 
tenderetque fe ad fimilia probleraataan Curvis, ut vulgo vocantur* 
Mechamcis; itemque ad problemata tangentium inverfa; & ad 
omnia fer£, nifi, forte numeralia qusedam,. qualia funt Diophantit 
Leibnitius vero, in epiftola 27 Aug. 1676, vix credere fe pofle 
finxit, earn method urn- tam efle generalem. Newtonus, in primal 
ex tribus illis epiftola, tangentium methodum propofuit, ex gene- 
ra" e&methodo de4uaara r , exemploque earn illuftravit; genera- 
lifque methodi ramuro, vel corollarium,, efi% rnonuit ; & ejufmodi 
efle Slufianam,- quae nondum, turn- prodierat,.. conjecit.. Hie re 
excitatus Leibnitius medkabatur, fiqua via proraovere poffet me? 
thodirar Shifianam, , eamque ad omnia problemata - extendere i 
quemadmodum jam ante -ex ejus- Iiteris monftravimus* In teitii 
vero epiftola fuam methodum illuftraverat Newtonus per theorem 
mata pro quadraturis r & eorum exempla. Qiiibus adjutiis Leib- 
nitius, in epiftola 21 Junii 1677, methodum-fuam cunx Newto- 
nian a congruere dixit, ducendo tangentes; producendo metho- 
dum Slufii-, procedendo fine fraaionum & furdarum ablatione? 
quadraturafque reddendo multd expedkiores. His tot & toties 
a(5lis, ad conterraneos fuos affitrmare, fe,,cum difFerentialem me- 
thodum anno ederet, nihil turn amplius de Newtoni kir 

vento inaudiviffe, quam quod is methodum quandam tangentium 
haberet, cuj us tandem eft hominis ? 

Porro eo tempore Leibnitius de fua methodo nihil aliudexpli- 
taverat, nifi per earn tangentes duci pofle, maximafque & mini' 
mas determinari, fine ademptiqne fraaionum vel furdarum. Hoc 
f i vero 
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Ter6 totura etiam per Newtoni methodum effici pofle, certo fcio- 
bat; neque candid! erat hominis id diffimulare. Cum autem 
ha£tenus fuam methodum expofuiflet Leibnitius, addidit, fe hie 
geometrise multo fublimioris initia pofuiffe, pen r enientis ad diffi- 
cillima quaeque 8i utiliflima problemata, quae fine calculo diffe- 
rential!, aut simili, vix folvi polfint. Quid ver6 illud aut si- 
mi li fibi vellet,qut quaefo conterranei ejus, fine CEdipode, poterant 
intelligere ? Enimvero plants difertifque verbis diftum ab eo opor- 
tuit, similem illam, quam innuit, methodum Newtoni fuifle.; 
quam late ea pateret, quam a longo tempore repertaeffet, prout 
ipfe ex Anglia didiciffet, narrare; fuamque ilia pofteriorem efle 
eonfiteri. Hoc omnes controverfias praecidiffet ; hoc candidi 8c 
honefti viri officium erat. Horum tamen omnium quafi oblitus, 
fuis ille conterraneis, in refponfo ad Fatium, praedicat, fe cum anno 
1684 calculi fui elementa ederet, nihil turn de ulla simihi me- 
thodo inaudiviffe ; nihil deulla alia nifi ad ducendas tangentes : 
quod quails hominis fuerit, aliis dicendum relinqiao. 

Illud denique Leibnitio eftexpediendum : qui faclium fit, ut in 
refponfis fuis ad Wallifium & Fatium, quorum uterque primi 
ejus methodi inventoris gloriam Newtono detulerat, nihil turn 
ipfe de fe, ut priore inventore, dicebat ; fed fenum geometrarum 
mortem operiebatur, aliofque, qui fuperftites adhuc font, pro no- 
vitiis habebat: quin &: ipfum Newtonum atlortus, cum qaoquam 
fe alio certaturum negabat. Atqui dixerat ei Newtonus, in epif- 
tola 240^. 1676, fe turn ante annos quinque, quo quietius^Lvit 
»tatem ageret, confilium publicandi, qua? dehoc argumento fcrip- 
ferat, abjecifie : &: ex eo quidem tempore ftudiofe vitavit omnes, 
cte rebus philofophicis ac mathematicis, difputationes ; quin & a 
oommercio de his rebus literario, ut difputationibus anfam porn, 
trente, dati operi abftinuit ; eandemque ob caufam, neque de 
Leibnitio queri prius fuftinuit, quam in A£is fe Lipfienflbus ut 
Iriagiarium traduci vidifiet; Keilliumque eo tantum nomine in 
lites trabi, quod ab hoc eum crimine vindicare conatus fit. 

!nfimulatum quidem eft, quafi Regia Sacietas fententiam .con- 
tra Leibnitium in hac caufa tulifiet, non utrique parte *udi£ 
Nan itafe res habet. Nondum fententiam tuht Sooetas. Leib- 
nitius quidem poftulabat a Societate, ^ Keilhum onauditum dam- 
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nare veljet : adeo ut ipfe jure eodem fic damnari potuiflet ; cum 
idem fit jus Seio quod Titio, Keillio quod Leibnitio. €umque 
accxifationerri fuam adverfus Keillium diftituififet Leibnitius, jure 
potuiffet Societas notam illi inurere. Ea verd certorum tantum 
hominum confeflum legit, qui fcrutarcntur epiftolas atque char- 
tas, quoe de his rebus in Archivis Socictatis habentur ; & fecun- 
dum illas chartas epiftolafque rem ipfam, ut erat, Societati narra- 
rent. Non enim ideo lecti erant, ut Leibnitium vel Keiliium, 
fed ut veteres chartas, cxaminarent : in eaque re probe fe 8c ho- 
nefte gefferunt. Numerofus quippe confeiTus erat ; e viris erudi- 
tis diverfarum nationum le&us : quorum fldem in epiftolis char*: 
tifque examinandis, fideliterque edendis, • nihil quicquam, ulliiis 
hominis gratia, addendo, vel omittendo, vei mutando, Societas tota 
comprobavit. Quin 8c ipfe epiftolae atque chartas, Societal 
juffu, confervantur adhuc; ut fi quis velit, ibi confnli, Sc cum 
edito Commercio Epiftolico comparari poffint-. Mud interim 
fubmonendus eft Leibnitius ; ciim id Societati inipingit, quafi in-, 
auditum eum condemnatum iflet, id ob earn rem, per ftatutum 
ejus quoddam, commeritum fe eile, lit nomen ejus inde expun-: 
gatnr. . 

. Philofophia porro, qnam in Principiis fuis atque Optiris New-, 
tonus excoluit, eft experimentalis : Ma fcilicet,. quae, caufas re- 
rum non fidentius docet, quam per experimenta ran firman que* 
ant ; neque irnplenda eft opinationibus, quae per phaenomena ne- 
qucunt probari. Et idcirco in Opticis ibis, res experiments fir-; 
matas, ab iltis quae inccrtae adhuc manent, difiinxit Newtonus: & 
incortas aliquot ejufmodi, fub finem Opticorum, nt qnserenda pro- , 
pofuit. Eaudemque ob cauftm, in Principiorum pnefatione, cum ■ 
memoruffet motus planet .rum, cometarum, lunse ac maris, ceu 
in Iibro illo cte Gravitatis theoria deductos, hsec addidit : Vtittam. 
CcPtera mtura pbanotisena ecc Principiis Mecbamcis> eodem argu- 
ment^ mdt getter e y dtrivare liceret. Nam mutia me movent, vt nori- 
nihufufpicer, ea omnia ex, viribus quibufdsm pendere poffe, quibui 
CGrporum.particula y per ctrtefaj nondunt cognil&Sy vel in fe mutuo 
impelhtntnry &Jecundum regular es fignras coherent, vel aS iitvi- 
cem fugantur, tW rscedunt : qvibm virtbus ignotis, philofophi ba&e-. 
mi nature** frt{/lrd. tmtarwit. Et fub finem ejus Ufeii, in fe-- 

cunda 
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eundi editione, narrat ; ut, prae inopii experimentorum tanto ne- 

gotiafufficientium, non aggreffusfit leges adionum illius fpirirus, 
Jive agentis, defcribere, per quem efficitur hsec attradlio. Quin 8c 
eandem ob caufam de Gravitatis ca«& nihil pronuntiat; quod 
nulla experimenta, five phaenomena, ad manum eifent, quaj cau- 
fam illam certo indicare polfent. Atque hoc in Principiis fuis, 
fub ipfo initio, abunde declaraverat, his verbis; Virium caufas & 
fedes pbyficas jam non expendo. Et paulo polt : Voces attra£iionis v 
ImpulfuSiVelPropenfionis cujufcunque in centrum^ indiferenter& pro 
fe mutuo promifcue ufurpo; has vires, non phyfic\ fed mathematke 
tantum conjderando. Unde caveat le£ior^ ne per bujuf modi voces 
cogitet me fpeciem velmodum ailionis, caufanwe aut rationempty- 
Jicam aiicubi dejinire\.. vel ceniris, qim funt puncta matbemaiica, 
Vires vere & pbyjice tribuere; ft for U aut centra trabere, aut «/-' 
Us centrorum effe dixero.. Et fub finem. Optices : %yacauja effi- 
ejenu, b* Wra&ionu (To. gravitas, -vifque magnetic* & electrical 
peragantur, , bic non inqmro. %uam- ego f attracHJonem appelK 
fieri fane poteft, ut ea efficiatur impulfuy vel alio aliquo modo nobis in- 
cognito. Jia^vocem attratlionis ita btc accipi velim, ut^ in uni- 
yerfumfotumimdo vim-aUqmm-fignificareinte.lUgatur i qua corpora 
dd fe mutuo tendcuit; cuieumque demutn caujle attribuenda fit ilia, 
vis : nam ex phqmm<mi*wtnr<e illud nos prhh edoclos effe. oportet^ 
qtumam corpora fe invicem attrabant, & quanam fint leges 
proprieties iflius attraclionis, quam in hi inquirere par p, quanam 
efjiciente caufd peraxatur atiracTio. Pauloque interna, eafiknv 
attra&iones tamquam -vires confident, qua* in rerum iiatuntcx- 
iilentiam habere, licet caufas earuro nondum fint a)gmtae, per- 
phsnomepa, conftat : ' diftingnkque eas a qiialitatita occuhis, 
qu« a fpecificis rerum tbrmis flueie exiftimantur. Lt m Icholio 
fub extremumPrincipiorum,^ cum Gravitatis proprktates memo^ 
^t r h«c addidU; Rationem verh barum Gra^s prapnet alum 
ex phxnomenis ntndum potui deducere ; H hypotbefes non J, go. 
^icquid enim ex pbsnomems non dedueitur, hpol^s * 
& hyposbefes, feu metapbyfi^ feup^ f'Wf"™"^ 
feumJan^in pbilofopbia exp^rUaU locum nmba^ 
^Ls * qM Gravitas ^exM^^^ - 
a nobis, expqfi^ V ad corp& um cd&mW W» ^ ^ 
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omhesjufficiai. Jam verd, poft haec omnia, quse confute praemo- 
nuerat Newtonus, quis non miretur, ideo eum a quoquam furii- 
Iari, qudd caufas gravitatis aliarumque attraaionum non per hy- 
pothefes explicet? quafi criminisioeo effet, certis efle contentum 
incerta ver6 dimittere. Et tamen A&orum Eruditorum (anno 
1714 menfe Martio, p. 141, 142) editores, id Newtono expro- 
brant, quod caufam Gravitatis neget efle mechanieam ; aflerunt- 
que, fi fpiritus iHc, vel agens, quo elearica fit attra&io, non fit 
aether vel fubtilis Cartefii materia, quavis id hypothefi contem- 
tmsefle; ut fortafle fit ^Principium Henrici Mori hylarchiunv 
Quin & ipfe Leibriitius, in traaatu De bomtate. Bet, & in epifto- 
hs ad Hartfoekmim atque aiibi, Newtono id vitio vertit, quafi 
Gravnatem faceret naturalem quandam 8c effentialem corporum- 
proprietatem, immo occultam qualitatem, ac denique miracu- 
lum. Atque^hiTjufmodi cavillationibus, homines hi conterraneis 
fms perfaafiim efle cupiunt, judieio eum 8c acumine parumva- 
kre ; neque^eum efle, qui methodum infinitefimalem, rem tam 
arduam, invenire pottiiflet. 

Ulad profeao confitendumeft; in philofophia muStanda New-- 
tonunr inter & Leibnitium plurimum interefle. Prior ille eo uf- 
que progeditur, quo phaenomenorum & experimentorum evi- 
Uentia eum ducit; & ubi ilia deficit, pedemfiftit: pofterior hy- 
-pothefibus fuis fcatet totus ; eafque proponit, non experimentis 
cxaminandas, fed claufis oculis credendas. Ille, inopia experi- 
mentorum, quae caufam Gravitatis certo indicare poffint, utram 
mechanica fuerit necne, non affirmat: hie, fi mechanica non fit, 
perpetunm efle miraculum pronuntiat. Ille> atque id quoque 
non definiens fed quasreps, Creatoris potential tribuit, quod mi- 
nima? quaeque materia* partes fint durse: hie illam materia duri- 
tiem confpirantibus quibufdam m&tibus imputat ; 8c, fi caufa 
ejus aha ponatur quam mechanica, pro perpetuo earn miraculo 
dendendam propinat. m e riiotum in homine animalem, non au- 
det affirmare, mere efle mechanicum : hie pure mechanicum 
efle audaaer aflerit , cum ex hypothefi ejus de harmonia pnefta- 
bilita, numquam anima vel mens hominis fie agat in corpus, nt 
motus hujus veHmpediat, vel adjuvet. Ille Deum aiTeritfl^ 
m quownmutt* movemur., tgfutnus) efle emnipr^fentem ; non 

ctamen 
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tamen ut mundi animam : hie, non mundi quidem animam efle, 
fed intelligentiam supramvndanam : ex quo illud confequi 
videatur, non pofle Deum intra mundi limites quicquam efficere, 
nifi per miraculum prorfus incredibile. Hie philofophis priecipit, 
ut a phaenomenis 8c experimentis ad eorum caufas progredian- 
tur; atque inde ad caufarum iftarum caufas; 8c fic deinceps, donee 
ad primam caufam perveniatur. Hie omnes caufae prima3 ac- 
tiones pro miraculis haberi ; omnefque leges per Dei voluntatem 
naturae impreflas pro perpetuis miraculis occultifque qualitatibus - 
cenferi ; 8c idcirco ex philofophia exulare jubet. Siccine verd 
agitur ? An perpetuae 8c univerfales naturae leges, fi ex potentia 
Dei, caufaeve adhuc nobis incognitae aaione deriventur, pro mi- 
raculis 8c qualitatibus occultis, hoc eft ex ejus fententia, pro moiit - 
ftris 8c abfurditatibus, funt exfibilandae? Omnia porro pro Dei l 
exiftentia de naturae phaenomenis fumpta argumenta, ,ideirc6ne •: 
funt explodenda, quia novis quis ea nominibus 8c ignorniniofir 
infamet? An, ut fuperftitiofa 8c abfurda, rejicietur Philofophia 
Experimentalis, quia neque ultra experimenta definite quicquam 
vult ; neque adhuc per experimenta probareKpoteft, naturae om- 
nia phaenomena per caufas mere mechanicas-pofle foivi? Res pro-* - 
fe&o digna eft, quae 8c mature 8c ferio confideretur. 
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QUAM ob caufam edita Jint ba epiflola cbartulaque colkSlanea, 
, apparebit jex Uteris D. Leibnitii& D. Keitiii infne fubjunclis. 
Offenftomm attulerant D. Leibnitio nonnuUa, qua fcripto prodid'tt 
D. KeiUius in ABis Londinenftbus anno 1708, injuriam £>. New- 
torn oblatam propuljans. Datis igitur ad Societatis Re gali s Jec re- 
tar ium liter h y de calumnia queflus D. Leibnitius, remedium a So- 
cietal petnt ;■ idque eos aquum credidit judicature, ut D. Keiilius 
culpam fuam public e fateretur. D. Keillio ea ejl pars vifa potior, 
ut ad Utey qua queflus erat D. Leibnitius, Uteris fcriptis refponde- 
ret : quibus in Uteris, qua antea ediderat, & expo/uit plenius, & 
viHdiCavrt. JX Leibnitius, nequaquam bisfatis ftbifaclum ar titra- 
tes, lit eras- alter as adSocietatem dedit; in quibus adbuc de D. Keillio 
queflus, novum eum hominera appellat, parumque peritum re- 
rum aoteaitorum cognitorem ; nec raandaturo ab eo, cujus in- 
ttereflet, habentem ; Societatifque xquitati committit, annon co- 
ercendie lint vanae &: injuftse vociferationes. 

Ferfabatur in Anglid D. Leibnitius ineunte anno 1673, iterum- 
que menfe Odlobri 1676 j & interjeclo illo temporis intervaUo in 
Gallia egit. $uo ornni temporis /patio, mutuis acceptis datifque li- 
ter is r commercium habuit cum D. Oldenburgo\ &, Oldenburgi ope- 
ra*, tandem cum D. Collinio itidem, & nonnunquam ettamcum D. 
Newtono:- $uid autem We ex Anglis tandem, vel turn cumLon- 
dinieJTet, vel ex Uteris ijlis mutub datis, edidicerit, in eo fore ver- 
titur b«e omnis quajlio. P. Oldenburgus V Colliniusjam dm obi- 
erunt. EX. Newtonus autem turn Cantabrigia egit ; parumque am- 
plius novit> quam quod ex Uteris ipfms d D. Wallifio M*ff*» 
apparet. Z>. Newtonus neque d D. Keillii partibus tejits effe poej, 
nec D. Leibnitius ipfe d fuis : alius autem in vivis f"/*""^; 
Sociaas toque regaHs, d D. Leibnino bis adver/us KeMum a P p£ 
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lata, JeleBorum ex Societate arbitrorum conjeffum conftituit; qui 
literas, literamque tranjcrtptarum libellos, aliafque chartulas a D. 
Oldenburgo penes Societatem reli£lw, &Jiquid inter D. CoUiniiJcbe- 
das repertum hue Jaceret, perfcrutarentur, Jententiamque Juam ad 
Societatem refer rent; jujjitque tandem ut Jententia ilia, a feleclorum 
arbftrorum cmjejju relata, umicum ipJ^Uit er arum, aliaf unique &ar- 
tularum excerptis, emitter etur. 
De hie me- Cum D. Netivtonus Analyjin iflam Jcripto traderet, qwa fub initi- 

thodo, ex me* t t . - » . - . 

thodisSerie- urn borum colktlaneorum tmprejja ejl, habutt jam mm * metboduftt 
liumwmpo- ' generalem aquationes Jinitas in infinites rejolvendi, aquationes 
ttJt!*L tum finitas turn infimtm > appticandi ad probkmata Johenda, ope 
n°Vi vii P T0 t >ortionum augmenhrhm moment aneorumquantitatutn \ najcenti* 
XL vii ui i um * ^ augefcentium. Augmenta bac appellat D. Newtonusparth 
lvl "culas, & momenta ; £). Leibnitius autem infiniteftmales, indhift- 
biies,f$ differ entias. ^uantitates augejcinlw r appettat D. NeWtonus 
'Fluentes ; D.* Leibnitius anient Sunimas. • 'Et vehcitates augttmii 
appellat D. NeWtonus Fluxiones ; ijlajquefluximes exponi?ptr '<pnM~ 
titatumfluentium momenta. • <' 

$u<& pars bujus metbodi in to Jim eft, ut aquathnes Jinite in infi- 
nitas rejolvantur, earn cum D. Leibnitio, rogatu Juo, communica- 
vit D. Newtonus\> Uteris ad ilium datis Juhii 13, ^O&ohris 44, 
1 676. Reliquam bujus metbodi partem, poftquam 1 eoufqm expli- 
cnerat ^ ut *am fatis'% obviam fa&am exiftimaret\ He fibiMnceps 
Jubriperetur, priufquam earn exponere vijum Joret, Uteris oecultis iPa 
celavit, quo modo. alias Galilceus atque Hugenitts fecetant. Bujus 
pojkrioris partis invent ionem ftbi vendicat D. Leibnitius : D. Keii- 
' lius autem eamD. Newtono adferit ; Keillioque Juffragatur Jententia 
JeleBorum e Societate arbitrorum confejjus. Mo s t amen extern, 
qui metbodum ijiam a D. Leibnitio acceperint, aut aliter obtinuerinU 
'/libit quidquam in bis collefianeis eft, quod ullo pa&o afficiat. !&% 
quid inter D. Leibnitium &f D. Oldenburgum commercii effet, igno- 
rabant. IBs, quod metbodum, quam utilem ejje cornpeterant, t* 
rem f'a^i adbibuerint, atque excoluerint ; id vero laudiejl dandvnu 
SufJ.in -;<?Junt epiftoMs annotations qua>dam ; quo Ieclores, qw 
'bus miiv.s ejl otii, & epiftotas inter Je facilius conjerre, & fa™ 1 
per left as intelligere quean t. 
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'Emrbta ex'ip'dhU revtrendi viri D. Mud B^row ^JJJ. C^lka, Can- 
^tabri^, 20 Junu 1669 datd ; cujus babttur Auto^bm.^ . . 

AMICUS qu'Amapud &os coimAorans, qui exirnio in his rebus pollet 
ii Kenio, q nXftertiuscha^ mihi tradidit, in ambus mag- 

perboM fimites, maximeverd genera^, ^^^^JSS 
folvendi : qu^, ut opiuor, tibi.placebunt; quas una cum proximis litens 

ad te raittam. 

Ex epificld ejufdm adcundm, 3. J«« .669 UU, f^f B *"° vii " ' 
r \ JV mumfinfti. 

legerisr id enim «*fcoS tecs 

eas tecum commun.care m.h. lies et. veredwiutn 
recepifii fac me certiorem; quod Jta metao ; ? ^ m 

publicum ad te mittere non dubitavenm, quo tibi moron B 1 
eitiluiiie.' - ' •' "" "' £* 
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Ex epiftold tjufdem ad eundem* 20 Aug. 1669 dat&i cujm etiam comparet 

autograpbon. "' 

Amici chartas tibi placuifle gaudeo ; eft illi nomen Newtonus, collegii 
noftri focius, & juvenis ; fecundus enim, ex quo artium magiftri gradura 
cepit, jam agitur annus ; & qui, eximio quo eft acumine, permagnos b 
hac re progreflus fecit. Bias, fi vis, cum nobili domino vicecomite Broun- 
kero communica. 

N*n. Mxmpler Ififtarumcbartarwn, manu D.Collins exaratum, ^m fcrmik eps 
repertum, quod cum ipfim D. Newtoni autograph collatum ad verlm 
con/entire mvenimm* Hujus autem titulus eft 

DE ANALYST PER -SQJTATICWES NUMERO* TERMrNORVST INFINITAS* 

MET HO DUM genera lem, quam de Curvarum quant t fate exutra- 

que parte fineae bd. [Vide Tom., I. p. 257.]; 

Compofitarum Curvarum Quadra iur a ex Simplici&us. 

N° m. Reg- II. Sivahr ipjtus y r &c^ — dabitur iota 0saJ. [Vide Tos*.& 
p. 258—263.} 

AliammtOmmum^aamtura. 
N'lV. Reg.IIL Sit valor ipjtus y r &c 7 jx\ [Vide Tom. H p. 263J 264.5 

ILxtmpTa Kadicem extrahendo. 

N°v.. Si Sit Vaa ±xxz=y, afa~— fuperficies cojrnofcettir. FVidtfTocsuI* 
p. 264— 268.] * L 

Exempla per Refilktionem M'quatUmam 
Numeralis Mquationum afe&arum Refolutib. 
n°vl Qujatota ( dilficMJtas--~quaequaerebatur. [Vide Tom. I.-p.-26&- 27a]. 

Literalis Mquationum afefiarum Refolutio.- 
K« vil His in numeris fic x fit minor. [Vide Tom. I p. 270-272 J 

Alius modus eafdcmRefolvendu 

IT* I? 1, cl Y abr areaB tant0 ma S is compofita. [Vide Tom. I. p. 272.} 

*L I Sed hu»c modum y - x \ 4. ^ &c . [Vide Tom. I. p. 273, 274-] 

haec de areis in reliquis. [Vide Tom, I, p. 274— 278.I 

Applicatio 

* N.B. Quadrature Ciirvariim per JEquatione. infinftas, qn* nonnunq^am termiiwnfur & 
finit* evadunt. Eadem exphcatur in P rop . v . Libri de Qi.adraturii. Et pn>pofi«o ilia pcodet i 
quatuor prionbus. Ideoquc mcthodus fiuxionum & momcntorum, quatenus habctur in propofi- 
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Applicatio pr#diftorum ad Curvas Mecbanicas* 

Et haec de Curvis geometricis< fiat) * exa&e & Geometric^ determb- -N» XT. 

nentur. Sed ifta narrandi noneft locus. Refpicienti duo prae reliquis de- 
monftranda occurrunt. [Vide Tom. I. p. 278 — 280.] 

x. Demonjlratio Quadratura Curvarum Simpticium in Reguld Primd. 

Praparatio pro Reguld Primd demonjlrandd, 

+ Sit itaque Curvse % Turn x -f o [Tom I. p. 286]- — § poffuntN'XH. 

invenjri [Tom. I. p. 281 J minimarum dimenfionum. [Tom. I. p. 

282.] 

Excerpta ex epiftold D. Oldenburgh ad D. Renatum Francifcum Slufium N e XIH. 
Canonicum Leodienfem, anno 1^69, 14 Sepferabris St. vet, data : cujus 
apographum confpicitur in libro Societatis Regue, quo conjervantur epijiola^ 
No. III. p. 174. 

Infuper eommunicavit tile [Barrovius] univerfalem methodum analyti- 
cam, ipfi tranfmifl'am a D. Ifaaco Newtono, infervientem merilurandis 
areb omnium ejufmodi Curvarum, & earundem perimetrorum, , in quibus 
ordinatae eandemhabet communem habitudinem ad bafin : haecc^ue methb* 
dus alia non eft ab ilia, quam particulariter applicuit D. Mercator ad inve- 
niendas areas hyperbolae, univerfalis reddita. Au<Sor fic incipit. 

' »* J}e Analyji p^ ^quationes nttmerp tefminorum injmitas. * 

" Methodum generalem, quam de Curvarum quantitate, per infinitam 
" terminorum feriem menluranda, olim excogitaveram, &c. 

Et poftquam ejus beneficio oftendit co mplurium Curva rum q uadraturam, 
accedit ad circulum ; & convertendo s/aa + bb, .vel/ aa r — it in fenem 
infinitam, oftendit complures ejufinodi feries apphcan pffe ad circulum : 
adeoutdatishorumquibuftibet dubbus; radio nempe, finu, arcu, * area 
fegmenti, reliquorum quodvis inveniri poffit infinite verum : i""!" 1 ^ 
ab omnibus audoribus pnegieffii valde ft^Ej^^^ 
eximie faciiitavk inventionem radicis aequationis cujpflibet, & med wrum 
proportionalium ; & Teriem largitur ad invemefldam ^« E »W «J^»" 
rudinem. Similiter, ut oftenderet meth<Kiumfuamad Curva « M^hamc.s 
earumquetangentes, fe porrigere, quadrat Cycloidem 
areamque curie Quadratricis, ejufque penmetrum mvenit : atque ad cal- 
cem fic ait.t • 

tionibm quinqueprimi. Libri de Quadraturis, Newtopo innotuit anno 1669. 
f E»en»plum hiculentum calculi per momenta fluentium. 
t Leibnitius fcribit dx pro 0 vel. oxi ; d% pro «v, rel V- ^- 
% Mc propofitione ck iquatioac fluente. invoWentt .avemnntur ftuiooo. 

•« Nec 
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" Nccquicquam hujufmodi fcio, ad. quod haec methodus, idqneram* 
" modis, iefe non extendat. Imo tangentes ad Curvas Mechanicas, ft 
" quando id non alias fiat, hujus. ope ducuntur. Et quicquid vulgaris 
**■ Analyfis per aequationes ex finito terminorura numeraconftantes, quando 
*« id fit poffibile, perficit; hsec per aequationes i&fmitas femper perficiat. 

" Et haec de.areis Curvarum inveftigandis di£a fufficiant. Imo cum pro- 
" blemata de Curvarum longitudine, de .«uantjtate & fuperficie Solidorum,, 
*« deque centro Gravitatis, poflunt eo tandem reduci,ut quaeratur quaiititas 
" fuperficiei plan®, Unea Cutvi teyrpkutfjp * »Qft Qpuse%quicquam de iis. 
" adjungere.'V 

K'XIV. Ex epiftold D, Collins ad D. JacoBum GregoHum, onHo i66£ f 25 Nov, 
datdi Quae quidem epiftola, raanu difii D* Collins deferipta, ecnfer- 

■ - , - swM/A .-r < ; .. - - • /; M0 ,> . - v .... ....... . 

Barrovttss provmciam ftrairi publied prarfcgenjii rtanifit CBidam* aamine 
Newtono, Cantabrigienfi ; cujus,, tanquam viriacutiffimabgeaid prediti, in 
przefatione Praele&ionum Opticarum, meminit : quique.£nt£qtjain ederetur 
MercatorisXjogarithmo^ejchiiia, eandem methodum adiiwenerat ; eamcpie ad 
"omnnes Curvas ge'neraHter j & ; ad ciircutum' Jivef fntw>de, applkirat, 
; / - ■ ■ ,' '. ■ ■ '. ? <>■...■■■;. : .'.I. :'. uu..::'„-: ■■: ! .-n .:..! . t wu 

N s XV. [Ex 'epffloh ' D. Jacob? Gregortf ad \, Coffin^ ' ird'lFlfaitm' l BlL Amtear 
apud Scotos anno 1^70, 2a Aprilis djdidj prorit in autegrapBo ipjfas Gre- 

gom legk^ . ' ( i ^ ' , ■ -\ 

Seriem a te mhTam de circulr zona intelligere nequeo, nempe 2RB — 
~- ~-^- s — - &c. SlhajcredB' deicfipta fit r J&farii legitimate 

3R . aoB.' 56R S 576R 7 r r 0 

"non eflc fufpicor. •• ' : ' • - »ci. r . rvir '•.*!: " '. " 

H* XVI, epiftM ejufdem Gregorir adntndem, anm i<6ft5\ 5 Se^fcentb. 

Barravi 




legi 5 atqucomnes, qw uiiqwam iiMg&ae^D^if^tpiew.i^if iMwiwiv ^ 4,kV1 '"*r 
fuperaffe comperio. Ek ejufdem ; [fer,oyi?] :^etl>o4is tangents ducead u 
cum quJbufdam i propriis etAlatisJ iflvefii OTet^dUm.genefaleii>.&geQrDe- 
tricam* ducendi tangentes ad emne& Curvas line calculp ^ & quae coiB- 
pleftitur non tantum JBariiQvii nj^fh^dos paftacuJ^re?, ied ip{ lus .S en ^" 

.thodus mea baud piuribasquaen.^updecim^ivtiietur pr^poiitlouiVy5« 



- ■ 1 r * * l j , C iLi " ! J. 'J;. * ■ 
H°XVIi. £jf ^o/^ ^ 1670, 23 Novemb* dat&vM**, HP* 

conjerva/ur .autpgrapbon. t . , f 

Plurimae approximations pro circuli fegmrntis ex his facile elici pof- 
funt; at vix oper<p .pretium exit, cum poteflates altemas tollere nequ e0 » 
D >T**« HiDC taaotuit mefhodum tangentium Grcgoril U Slufii ex mcthwJo Barrovii confcq ^ u0 3 
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tjuod fa6:um eft a D. Nexvtono in fua. ferie, modo feries fit: nam, ut di- 
cam quod fentio, ad nullam mearum reducere poffum. Autnmo tamcn 
meam pari facilitate & brevitate rem confecluram. 

Ex autograph D. Jacobi Gregorii ad eundem D. Collins, dc Fa:io-$lu ^.n-N'XVin. 
dreae, 19 Deceiaabris ejufdem anm\ tr.ijfo. 

Quum poftremas ad te dedi literas, nondum animadvertiflem D. New- 
toni feriem de circuli zonis, quam jam dudum ad me mififti, uui etim inil- 
nito iftiufmodi fer4erum numero» confedarium illius efTe potfe., quam. mitt 
de logarithmis : nempe, dato logarithm© mvenire ejus nume/uin ; 'vol ra- 
dicem pdteftatis cujufcunq^ue purae in infinitam feriem permntafc \h fane 
tarn tardi fuifle ingenii miror ; qui tanto temporis fpntio U6i uon ajlirnad- 
verteram, quum tamen multum olei & operae in ifta feriqi expifcaiid:\im- 
penderam. At ut ingenue fatear, femper in animum indv)xeram, fi.inodd 
ieries effet, me in earn incidere pofle, ope aliquarum i fetiebui' ifneis fro 
circulo inter fe combiuatis, quarum quidem plurimas ad matius liabeo ; 
neque ullam aliam defideraram methodum. Series tua, paululum produfta, 
B 3 B s B 7 cR* 7B" 2iB tJ iiB ,s ,,v „ t-.« f% 

fit a. - 1-^- w ~ s ^-^r.-6Si5F- s -T^n-(')&c- E.flem 

*tiam pofitis, enf arcus, m cujus fmus b,=b4-- + ^4-,— 4 +7."JS? 4 ~ 
< k ) &c Plures ryujufceffiodi feries proferre poflon ; fed tu roitaffe ptas me- 
ipfo de his rebus nofti. 

Ex epiftold D, Collins addJftamD. Gregorium, 24 Decembris, anno XIX. 
data : cujus habetur exemplar mam ipfius D. Collins dejenpium, 

Quum D. Dary * Mifcellanea fua in lucem edidit, exemplar libelli miftt 
^d D. Newtenum ; qui d^um D. Dary ferie, pro ^ ibns circuit, quam 
ad te mifi, remuneravit : quae fine omni dubio fenes eft legitima & eximia. 
Gpe D. Barrovii nonnullas alias feries, e method© Newtoni generali derivatas, 
obtinui ; eaW, conferto colloquio, deprehendi analytice deduei poffe e da- 
ds cuiufvis figure proprietatibus; & multas fenes ad fingulas figujas op* 
plicari poflb. Univerfalem quoqde efle, cujufque ope Omnes ^draturag 
perficerrpoffis; tarn Curvarum quas Cartefius Geometricas effe adrmttit, 
quam ea.rurr» quas cenfet Mechanicas. . _ , 

Hac itaque methodo Curvse omnium figurarum, communi ptopnetate de^ 
nnitarum^reaificantur; earum tangentes St «»«^^ fc m ^^; 
item totunda earum Solida, & fegme^ fecunda cubantur; & » umycrfij 
Curvis, longitudine curvilinea data, ord.natim apphcat^ mvemuntur, & 
vice verfa. 

Exempla quadam. 

Area , dato, Inv.nire nnutmx, vel crfnvmj ; pofid unitate pro radio. 

<-) Vide Analvfin per ^q. Num. Term. inf. Cap. III. § 6. 
( h ) Vide Analvfin per JEq* Nam. Term. Cap. VJ» 4> 

Vol. IV. Ttt 
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n*xx. 



^ = I - W + t\z* - -K40JT0 



,*~ Z 6 a +uo»— 5040- ' 3 6isYo 



2» (*) - &C* 



Et dato finu x, invenire 2 .• z ~x + 1 + £>x % + tIt*' ( b ) + &c. 
Quadratricem veterum quod attinet, nulla methodus, nullus geomerra 
p - ejus aream exhibere valuit. Sit igitur av, radius circuit 

infcripti, unitas; & vk, arcus, *; erit area bbva 
-&C.C) 
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Tra£tatum hac de re fcripfit ; in quo inventio longirt*- 
din is tctius, vel datae partis, curvae Elliptica*, & Quadra- 
tricis dv, nec non areas fupradiclaej eft inter exenipla. 



Ex epjftold D. Jacobi Cregorii ad D. Collins, 15 FcB. anno 167^ dart, 
cujus babetur autograpbon. 
Ex quo epiftolam ad tededi, tres k teaceepi, unam Decemb. 15, alteram 
t\ te . rt * am 21 J an *arli nuper elapfi datam. 

Quod attinet Newtoni methodum univerfakm, aliqua" jex parte, ut opi- 
aor, mihi innotefcit ; tam quoad €fc»mctrkas, quam Mechanieas curvas. 
Nihilotamen minus, ob feriesad me mifl'as, gratias babeo; quas ut remu> 
nerem, mitto cmae fequuntur. 

Sit radius = r ; arcus ss a ; tangens = / } fecans =s. 

Eterit*:=/_il, il_il.il &c f-N • 

Eritque/^tf + eL^ffl.IZfl.J^L &c m 

- S3t nunc tangens artificialis = / j & fecans artificialis, = s i & integer 
quadrans ==y. 

bit nunc fecans artificialis 45 gn = j ; fitque J + / fecans artificialis ad 
libitum. Erit ejus arcus = i ? + /-C + t(!_. Z£J- + ii^ _ lSf£!, ( h ) Arc. -etit-. 



Hie atnmadvertendum eft, radium artificialem efle o ; & ubi inveneris f 
majorem quam 2^ five artificialem fecantem 45 gr. majorem efle data fe- 
•cante r mutanda effe ligna, & pergendura fecundum vulgaris Alget« 

Drajcenfa. 



praecepta 

(') Vide Analyfm per Mq. Num. Tcrrti. inf. Cap. VII. Seft, 3 
( b ) Vide Analyfin per Ai<]. Num. Term. inf. Cap. VI. § a. , 
(*•) Vide Analyfin per Au t . Num. Tcnij. inf. Cap. IX. § 4. 
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E P I *S T O L I C U 567 

. Sit ellipfis, cujus alter femiaxium = r ; alter = c. Ex quolibet clime' 
dlipticvE punfto demittatur in femiaxem, r, reda perpendicularis '== ^ . Erit J 
•curva elliptica perpendiculari a adjacens + ilH^'-Tili* + " 

J 6i 4 4 o<r 

; Si determinetur ellipfeos {pecies, {eries haec fimplicior evadct. .Ut fi , ... , , . 
c=zr, foret Curva pnedida = ^+ -f , + - 3 4-, + 4^+— 9 - s , &c. 

f ' g6r' ' 2048*-* 1 458752^ 1 754.c,7^7:>- 

Reliquis ver6 manentibus, fi Curva praedidta eflet hyperbola, pncdiita 
quoque feries ei inferviret; fi modd omnium terminorum partes arfirmen- 
tur, & negentur totus terminus tertius, totus quintus, feptimus, &cz, in» 
locis imparibus. , 

Gratias ago maximas, tam ob benevolentiam, qua mones demeditatb- 
meis publicandis, quam ob perhumanas tuas pollicitationes. Nollem tati- 
tam moleftiam tibi creare ; meque mihi in animo eft quicquam edere, prae- ; 
terquam quadraturam meam Circuii recuiam, additis quibufHam nugamea* 
tis. Quod attinet methodum meam inveniendi radices omnium -aquation, 
num ; una feries unam tantum prodit radicem, at pro quSlibet radice infi- 
nitae funt feries InduftriaVautem ali^ui opus eft, ad feriem rite incipien-: 
dam, & ad quam pertineat jradicem dignofcendam. Verum hac de re ixx- . 
fiusforfan aliquando ad te fcribam. .Non eft quod metuas cuiquam, quk- 
q^d,m^erinij cdmrmihicare ; parum cnim folicitus lum, utrumne meoan 
alieno nomine in publicum prodeat. 

Ex eptftold D. Colltnt di B. Bejrtet Parifiis turn agentem. Data autem -epw xXtt V- -4 
•v.^-r.'Februarii, 'anko % 70 1 ; ejufque exemplar, manu i$us P. Collbs exara- 
turriy confervatur. 

' Syftema Algebrae integrum componere, opus eft eximium, & dignum cui, 
at omnibus' feveatur ; praecipue verd quia quatuor circiter abhin'c amis in- 
vent* fuit a D. Ifaaco Newtono methodus analytica generals, pro quadra- 
tuii bmnium foatiorum curvilineomm, tam in Curvis Geometncis quam 
Mechanicis. communi aliqul proprietate gaudentibus. Hujus ope quicquid 
a quadraturis pendet peragitur ; ut re&ificatio Curvarum ; inventio tangenti- 
um & centrorum gravitatis', rotundorumque Solidorum, & eorundem feg- 
mentorum fecundoram, & curvarum ftiperficierum dimenluratio : non au- 
tem fuperficierum Solidorum quorum axes inclinantur ; utt parabohcor.m 
conoidL, &c. hxc manetdifficultas poftens ftiperanda. # Ha3C om^ F- 
aguntur approximando verum in infinitum, abfque radicum^ crtrafi . one, 
o|e infinita/feriei rationalium, cujufmodi mul ? ad unam ™j^"J*-. 
guram diverfimode applicari poflunt : v. g. ad teuton 
damareamtotius,velpartiscujufvi S ; alia,admfcriptas; ^^"P^- 
&e. Ita ut dato finu, tangente vel fecante, invenin poteft longitude ar- 
rtt, & vice Vek ope divSfirum ferierum ad earn rem appropnatarum. 

(•0 Vide Excerp. cx Epift. Not. *, $aj v „ ( ) Vuie «M*ip. r ,, 

T t t 2 
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Undefit, ut jam calculo. facilior inventu fit arcus. e finu dato, & wice verf* 
quam e finu dato finws dupli arcus. Univerlim autem hoc nihil aliud eft* 
quammethodusa Mercatoie ufucpata, in ejus Logarithmotechni3, adhvDe/ 
bolam quadrandam, geueralis reddita. D. Jacobus Gregorius apud W> 
euperrime mcidit in eandem methodum. 



N e KXH. 



Ex epfloldTf. J. Collins in Iiah'am ad D, Ar P honfum Borellum # 
mente Decembri mm 167 r datd : ctjus babstur exemplar* manu ipfius D 
Collins defcriptum. . a. - 

Kinckhuyfenii introdutfio ad Analyfim Speciofam, quam Stel-ionfl vo 
cat, a D Ifaaco Newtono prjrio parata eft ; qui jam Mathematics Profef- 
lor apud Cantabngtenfes fadtus eft. Huic adjunget ipfius methodum K ene- 
ralem C^adraturarura analyticam; cujus ope calculo eruk omnium curvi- 
linearum ngurarum regularium, communi aliqiri proprietate gaudenthim ■ 
aream ; caruodem Curvarum re&ificationem r inventionem centrorum gra- 
V4tatis earum ; itemque rotunda Solida, & fuperficies eorum rotatione geni- 
tas ; & iecunda iftorum Solidorum tegmenta : imadato q.uovis logarithmi- 
co fmu, tangente vel fecante in canone, invenire licet arcum ei competen- 
tem, abfque natmrali fin u, tangente vel fecante prius. invento, & vice verfa 1 
idque generaliter, fine ulH radicum extra£ti©ne. 
Hujus fpecimen pro circulo appofui. . 

N. B. In 6ujm epiflola exemplar^ locus vaeuus feriei inttrjermda Mcrtlk- 
ius Juit* ■ J 

^am. Ex epfbld epfdem D. Collins ad D. Frtocifcum Vernon. Anihm Parifik 
turn agantem,. Londini, a6 Decembris, anno 1671 dai4; cujus habetur 
exemplar manu ipfius D. Collins defcriptum. t - 

. D ; ^ certiorari! me facit, D. Newtonum pene adomfifle Kioek- 

nuylenu ad AJgebram introductionem ; cujus hie brevi edendae negotiua 
jDMhi curae. ent : eamque de propria ipfius penu auaiorem reddidifle. Huic 
iubjiciet generalem * fuam innnitarum ferierum methodum analyticam; 
«jujus ope computantur omnium fpatiorum curvilineorum are*, turn Geo* 
metricorum, turn eorum quae, ex mente Cartefii, Mechnnica funt, modo fi- 
gurae una ahquaaut nluribus communibus proprietatibus definite fint ; ip- 
larumqueCurvarumlongitudines; centra gravitatis; rotunda Solida, & fu- 
perncies eorum rotatione genitae. Hinc etlam eruuntur multse pro circulo 
■tones; necnonquovunumerodato, tauquam.logarithmico finu, tangente 
vel lecante, calculo perfacili, fine ulH radicum extraaionc, fine ullis tabu- 
lis, mvenin jpoteft arcus ei relpondens, & vice ver^; idque vero quantum 
vciisproxime, abfque naturali finu, tangente, aut fecante prius invento: 
„I l f T T commodis foeta eft ha-c-dodrma, de quA non nifi comperta lo- 
quor Una cum his mittet viginti Jediones, ejus Opticas, quas D. Barro- 
vius opus ceniet, quo majui pnefens actu. vix protulit, Admoxiui matu- 



,ndam 



">76, data, Jpcr D. 01denbqr 0 im, D, l.cibaitio communkflti j & in- quo niethbdi fo 
* -■• rierum 
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randam ulco efie imprefiionem, quoniam D.Hugenius traaatom deDioii* 
trica, £c de Curvarum Evolutione jam molitur. Ille autem contra, fe magi* 
cupere, ut accepto liarum rerum nuncio, Hugenius potius excitaretur quam 
tardaretur; ratus minim e verifimile utriufque hypothefes vel dtdudiones 
eafdem. efls pofle., - ... 

Ex eplftola D. J. Collins ad D. Thomam Strode, %6 Julit amn-.i6y2WXXl\. 
data: cujus habetur exemplar manu ipjius D. Collins defcriptum. 

Quod geometriam curvarum figurarum fpe£at ; banc tandem generali- 
tar ad calculum analytrcum reduci pofle, omnino orbi literito novum at - 
^ue kiauditum eft. Hujus aequationes funt feries, terminis numero infiixr- 
tis conflatae, quorum tamen pauci fufficiunt communiter, ex notis curva- 
rum proprietatibus eruta3. Au&oremquod'attinet, hujufque methodi prEe- 
ftahtmm, haec accipe. 

Menfe Septembri 1668-^ Mercator Logarithmotechnram edidit fuam, qua* 
fpecimen hujus methodi, i e. ferierum infinitarum, in unica tantum fi- 
gurl, nempe quadraturam hyperbolfc continet. Haud J multb r pt>ft quam' 
in publicum prodicrat liber, exemplar ejtts CI. Wallifio Oxoniam mifi ; qui 
fuum de eo judicium in Aftis Philofophicis ftatim fectf: aliumque Barrovio 
Can"tabrigia ! m ; qui qvlafiiam Newtoni^hartas, qui j-am Barrovipm ift ma- 
thematicis praeleftionibus publicis excipit, eXtemplo reinifit ! e quibus & 
ex ali'is, quae olim ab auclore- cum Barrovio communicata fuerant^ patet 
illam methodum-a di'£to Newtono aliquot anriis antea excogitatam, 6c modo • 
univecfali applicatam fuhTe : ita ut ejus ope, in quavis figura curvilineapro^ 
pofita, quae una vel pluribus proprietatibus definitur, quadratura vel area 
d^lae' figurae,' ' + accurata, fi pdfiibile fit, fin minus infinite vero propiuqua 
evoliltio, vellongitudo lineje curvae ; centrum gravitatfe figure Solida, ejus 
rotatione genita, & eorum fuperficies ; fine olla radicum extraftione obti* 
neti qneant. ' 

Poft quam ititelrexerat D. Gregorius hanc methodum, a D. Mercatore in 
Logarithmotechnia ufurpatam,.& Hyperbolae quadranda; adh.ibitam, ( quam-- 
que adauxerat ipfe Gregorius^ jam univerfalem redditam efle, omnibufque 
figuris applicatam ; a.cri ftudio" eandem acquifivit, multumque in eS enoi 
danda deiudavit. ' 

Uterque, D.Newtonus & Gregorius', in animohabet hanc methodum ex- 
ornare. D. Gregorius autem, D. Newtomim primum ejus inventorcm an- 
ticipare, haud integrum ducit. : 

Ex epiftold ad D. Collins ad.D. Nevvtonum^o JuliUaw 1672 dafd> cujus 
habetur exemplar -manu r ipfius D. CbUlns de/criptum. 

Parandis feriebus pro extrahendis radicibus in fpeciebus W^™^ 
modum Viet* [in numericis], credo D. Gregonum haud modicam mipea- 

rieram infinitarum & fl H »oni,m fim.il explicabantur, ut jbj accttra ^ & fl cri po« 

+ Teftibus igitur Barrovio & Collinio, methodus pradi«« ^adranii fagum, l~ 
tcft, Newtoao iDiwtuitanao 1666 aut amea. jtffe 
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difle bpcVam : nihil autem de ell re fcribere fufcipiet, . antequam tu 'me- 
thodi hujus repertor, proprias de ea. Lucubrationes in lucem lemiieris • fed 
aliis rebus per interim intentus eft. ' 

N'xxvi. Ex epijlold D. Newtoni ad D. Collins, anno 1672, io- Decembris t. 

Repertum autem efl ipfius Newtoni autograpbum in fcriniis D. Collins, uni 
cam ejvjdeiuexe'ntplari manu Collins defcripto. ' 

^ Ex animogau'deoD. Barrovii, amici noftri reverendi, leftlones Mathema- 
ticis exteifis adeo placuifle.; -.ne<|ue.parum me juvat.iutelligere eos [Slufrtim 
&Gregoiium] in eandem mecum incidifle ducendi tangentes methodumi 
Qualem earn -efle conjiciam, ex hoc exemplo percipies. Pone cb applica- 
.tam ad ab, in quoyis angulo dato, terminari ad quamvis Curvam, ac; & 
dicatur ab, x ; & bc,^ ; habitudoque inter x &cy exprimatur 
qualibet aequatione; puta x 1 - 2X$y±bxxy-bbx+ byy+ 
y. = 0f quj ipfa determbatur Curva. Regula ducendi 
/ tangentem haec eft : Multiplier aequationis terminos per 

d aTbi quamlibet progreffipriem arithmeticam juxta diinenfiones 

jy; put xi-2xxy + bxx-bbx + byy~y 3 ; ut & juxta dimenfiones x\ puta 
01 0 0 2 3 
- axxy+bxx - bh+byy -f. , Prius produolum erit aumerator, & 3 poC- 

3 % 2 I O O <'i; ■ ' ' ';iT..:.,:;- : t 

terius, divifuin per ay denominator fra&ionis, quae exprimet longirndiQeia 
BD, ad cujus extremitatem, ducenda eft tangens cd. Eft ergo longitude 

bd = -* xx y+ 2b yy-& ... 

3 xx — 4*y + zb x — bb ' 

Hoc eft unum particulare, vel corollarium potius, . methodi generalis ; 
quieextendit fe, citra moleftum ullum calculum, non modo ad duCendura 
tangentes ad quafvis Curvas, five Geometricas, five Mechanicas, ^yel quo- 
modocunque rectas lineas, aliafve Curvas, refpicientes ; verum etiarnad re-, 
folvendum alia abftrufiora problematum genera de curvitatibus, areis, Ion- 
gitudinihus,, centris - gravitatis Curvarum^ &c Neque, quemadmodura 
Huddenii methodus de Maximis Minimis, ad folas reftringit,ur »qua.* 
tiones illas, quae quantitatibus furdi'sfunt immunes. , 1 , r 

Hanc methodum intertexui * alteri ifti, qua aequationum.exegeun infti- 
tuo, ^reducendo eas ad feries iufinitas* Memini me ex occafionb aliquaudo 
narrSfle D. BarrpviQ,, edeudis leclionihns fuis occupato, inftriiclum me efle 
hujufmodi methodb tangentes ducendi :" fed nefeio quo diverticulo, ab ea 
ipli defcribeuda fuerim avocatus. 

51 ufii methodum tangentes ducendi btevi publice .prpd;turam confido : 
quamprimurh advenerit "exemplar ejus, ad me tranftriittere ne grave ducas; 

}, . .... . 

* m ti^^ata, qn*m Newtonus fcripfit anno 1671. Miflum autem fiiif npogrnpkura tn]" 1 
qnflol* ad Tfchtornhaiifium menfe Maio 1675, ad Uiboitium menfe J.mio 1676. 
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Epijlola D, Slufii ad Oklenburgh, anno i6y\, 17 Januarii Leodii 
data % qua ' con tine tur metbodus ejus ducendi tangentes, inter epif- 
tolas Rfgia Societatis affervatur Lib, N° VI. pag. 1 t. Legitur 
autem imprejfa in Tranfaflionibus Pbilofopbicis, N 9 XC, 

Ex epijlold D. Oldenburgh ad D. Slufium,, anno $6?* t 29 Jamiarii data >WXTVll. 

quA pradiftis Slufii Uteris rejbondetur. Legitur autem exemplar ejus in 
' libr'n Regia Societatis, N° FI. p. 27. 

Statui, Deo darite, primS occafione methodum ipfam, prout epiftola tu;l 
continetur, Tranfaftionibus Philofophicis inferere. Non ingratum interea 
fuerk, acciperequ* doftiflinaus rtofter Newtonus, iu AcademiaCantabrigi-» 
enfi Mathematum Profeffor, de eodem argumento - ad D. Collinium nof« 
trum, qui te fummopere & jugiter colit, nuper perfcripfit in haw: verba* 
. *« Non parum me juvat intelligere, mathematicos exteros in eandem 
«« mecum incidifle ducendi tangentes methodum. Qualem earn effe eonji? 
" ciam, ex hoc exemplo percipies. Atque ita deincefs ut in precedent* ip+ 
** Jius Newtoni epijlold habetur*' 

Haftenus Newtonus, quae ideo nunc perfcribo, ut cum noviflimis tui* 
comparare poffis. 

Epjflola D. Slufii ad D. Oldenburgh, anno 1673, 3 Maii Leodii data, qud N° XXVIII, 
eontinentur fundamenta methodi tangentiutn Slufianaf, eujufque ajfervatur 
exemplar in Brh eptftdarum Regime Societatis, 2V° FLp.ni> imprejfa le- 
gitur in Phil, TranfaSl. AT* XCV . 

7£x epijlold D. Oldenburgh ad D. Slufium, anno 1 673, 10 Julii datd. Le- w xxix. 
gitur autem inter epifiolas Regia Societatis, Lib. VI. p. 196. 

En tibi, vir Uluftriffime, irapreflum modum tuum deraonftrandi me- 
thodum tuam ducendi tangentes ad quawibet Curvas ; quemadmodum poU 
tremis tuis literis eum mihi communicaveras. Subticm vin nomen offci- 
fionis evitanda^ caufa. Scripfit mini D. Newtonus in hanc fen tent.am. 
«< Ex priori tua epiftola iubdubitabam, exiftmiaretne celebemmus S u- 
fiu S perea,;qu^iKideme fcripferas, me m»l«tnbuere meto^ 
« fius ducendi Vgntt* ; ^nec intelligerem a D. Cplhmo, te mli hg u- 
« fidffe earn ex opinione tua, feriiis hie inventam fui!Te. Tibi qoippt. 
** vSetur^m D. Skfio perfpeflam fuifle,. aliquot annis Pr|"^^ m ^"jj 
« Mefolabum fuum, proindeque antequam ego earn "'^f^^ 
« res fecus fe haberetf cum tamen earn P« mu ~ u " T^ S X 
« & literato orbi, jure merito ipfi debetur- ^"^J^n* 

- demfunt, qua nquam, crediderim, ex pnnctpus diverfis ^" vat *; ^. 

- do tamen num ipuu* principia eamlatgtantur adeo general, ac * 
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** quae ad aequationes terminis furdis affectas fe extendunt, abfque eontm 
«* Ad aliam form.ara redu&tantf." " • ' > 
Haec ilje, .quae in bonara partem a te accepi^m iri confido. 

N° XXX. Excerpt a ex ep'iflold D.. Gkrthofradi Guilielmi teihnitii ad D. Oldenburg!*, 
Londini, anno 1674* 5 Feb. &f/tf. ftaju* dittdgrdpftm fa fcrmns Regia 
S: detail's extat, &f exemplar ejus in libra epiflolarum aiflee Societatis, N' 
VI. p. ideferip'tum legitm. 

Cum heri apud illuftriffimum Bpyjiu^ ; iticidiffem . in *lariffiiBum Pei- 
lium, Mathematicum infignem, ac ae numeris incidiffet mentio ; comme- 
moravi ego, du&us occafionfc fermlSnum, effe rttihi" methodurri ex quodam 
differentia ru m genere, quas Voco generatrices, ttilligendi tefminos ferici 
cujufcunque continue crefceritk, vel deerefeetttisi Differ entias autem ge- 
neratrices voco, fi datse feriei inveiiiantwr differentia, '& differentiae diffe- 
rentiarum, & ipfarum ex differentiis m'rferl?ntia¥utfi differentiae, &cc. & fe- 
ties conftituatur ex termino primo & prima* diffefetittay &drima differen- 
tia differentiarum, & prima differentia ex din%r«itiis differentiarum, &c 
ea feries erk differentiarum generatrkium, ut fi feries continue crefcens vel 
.decrefcens fuit a, b t c, d, pofita r/3 differentiae not& differentia genera* 
rices erunt. ' <'■'-, ; ' : 

ia . %am B.^um ben bxi c . \am~b<r> bm blTlbm cm cm d, 

4 am bm bmcKtibm cmcxt%d : 
3 am bm bm c bm cm cm d 
2 am b bm c can d 

1 a b c d 

Aut In numeris ; fi feries fit numerorum -cubicorurn deinceps abunttate 
crefceutrum, differentiae generatrices eruirt numeri o» 1, 6» 6. Voco au- 
tem generatrices, quia ex iis, certo modo multiplieatis, producuntur ter- 
mini feriei ; cujus ufus turn maxime 'apparet, cum differentiae generatrices 
tfiint finite, termini autem feriei iafiniti ; ut in propofitb exernpio nume- 
rorum cubicorum. 

o o o 

6 6 fS 6 

6 12 18 24 50 
1 7 19. 37 61 ' 91 

_ o 1 B 27 64 1*5 2i€ 

HoccumaudilTetclarfffimusPellius; refpomik, id jam ftiifle in litem re- 
latum k D. Mouton Canotiko Lugduneru% er obfervatioiie nabilifiuiH vlf » 
Francifci Regnaldis Lugdunenfi, dudum in literario orbe Celebris, in Hbro 
kudati D. Monton de diametris apparentibns Solis & Lunae. Ego, qui ex- 
cpiftoM ouidam a Regaailo ad MoncoiMfium fcripta, & diario itinerytn 
Monconifiano inferta, nomen D. Moutoni& defignata ejus duo didiceraay 
oiaaaerros luminarium apparentes, & confilium de menluris rerutn ad po*- 
teros tranfmittendis ; ignorabam tamen librum ipfum prodiiffe. Q^are 
ajmd D. Oldenburgium Societatis Regalis Secretarium, fumtum mutuo tu- 

multuane 
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multuari^ percurri, & inveni verUTime dixiffe Pellium. Sed k mlht tr,« 
men dandam operam credidi, ne qua in animis relinquereturfufpicio,'q;\ia(i, 
tacito inventoris nomine, alienis meditationibus honorem mini qusercre, vo- 
luiflem ; & fpero appariturum effe, non adeo egenum me meditahonum 
propriarum, ut cogar alienas emendicare. Duobus autcm argumentis.inge- 
nuitatem meam vindicabo. Primd fi ipfts fthedas* meas confufas, in qui- 
bus non tantum inventio mea, fed & inveniendi modus occafioque apparet, 
monftrem : deinde fi quaedam momenti maximi, RegnaWo Moutonoque in- 
dicia, addam, qua; ab hefterno vefpere confinxifle me non fit verifimtte, quse- 
que non pofliint facile expeftari a tranferiptore. 

Ex fchedis meis occafio inventi haec apparet. C^iaerebam modum inve- 
niendi differentias omnis generis poteftatum ;* quemaBm^um conftat diffe- 
rentias quadratorum effe numeros impares : inveneramque regulam genera- 
lem ejufmodi. : 

Data potentil gradus dati praecedente, invenire fequentem (vel contrk) 
diftantiae datae, vel radicum datarum ; feu in venire potentiarum gradus dati, 
utcunque diftantium, differentias. ^lultiplicetur potentia, gradus proxime 
pra^cedentis, radicis majoris per difterentiam radicum ; & differentia.poten- 
tiarum, gradus proxime praecedentis, rhultiplicetur per radicem minorem. 
Produaorum fcimma erit quaefita differentia potent sawmt,* quarum radices 
funt datas. Eandem regulam ita inflexeram, ut fufficeret; praeter radices 
cujuilibet gradus, etiamlinon proxime praccedentis, potentias datarum ra- 
dicum dari,* ad differeatia-s potentiarum alterius cujufcunque^ licet altions, 
gradus invenieudas. Et oftendi quod in quadratis obfervatur^uumeros 
impares effe. eorum differentias, id non nifi regulae propofitae fubfumptio- 

^His meditationibus defixus, quemadmodum in quadratis differentia; funt 
numeri impares, ita quoque quasfivi, quales effent di&rentis cuborum; 
qua= cumirregulares viderentur, quaefivi differentias differentiarum, donee 
inveni differentias tertias efle numeros fenarios. Hxc obfervatio mihi ah- 
ampeperit. Videbam enim ex differentiis praecedentibus generan termmos 
differentiafquefequentes; ac proinde, exprimis, quas ideo vocoge neratri. 
ces, ut hoc loco 0.1.6.6, feqGentes omnes. Hoc cqnclufo, reftabat inve- 
nii quoadditionis, multiplicationifve, aut horur, . comphcaticnis gene e 
termini fequentes ex differentiis generatncibus producerentur Atque ,ta 
refolvendo experiundoque deprehend! pnmum tenmnum, 0, coupon 1 ex 
prima differentia genentrice.o, fumptafemel, feu, vice una ; ^ndum, i; « 
prima o femel, & fecunda 1 femel : tertium 8,ex P"^^^"^ 
1 bis, & tertia 6 femel : nam o x 1 +1 X a+« X !r,\ m ^T,moxtZ 

oavr^tutt^ ^f/SS 5 5 
cumin tabuliscondendislaborare^in hoc cajcula^ 




parte 
Vol. IV, 
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liendum tranfcriptoris nomen ; neque enim intereft reipublicae ouis ol C 
vaverit; intereft, quid obfervetur. Primura ergo illud adjicio' quod l«S 
Moutomum non extat, & caput tamen ret eft : quinam fint 'ilfi numV^ 
quorum tabulam ille exhibetin infinitum continuandam, quorum dudh 
differentias generatrices, produdis inter fe juntos, termini ferierum *Jt 
rent " r * X ldes emm ex ipfo modo, quo tabula ab eo pag. 385 exliifetur 
T^r j-r 7 61 fatis ex P loratum ; alioquienim verifimile eft ita tabulam 
iuitle difpofiturum, ut ea numerorum connexio atque harmonia aDDareref > 
lufx quisde induftriitexifledicat: ita enim fe habet pars tabula. 
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10 


45 


X20 


210 
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Apparet, ex huju* tabulae conftrutoone, folam haberi rationem correfporr- 
iuf numerbrum generantium cum numero termini generati; ut cum ter- 
minus eft quartus (4) producitur ex prima differentia femel, fecunda ter 
3, terfra ter 3, quarts femel 1 j ideo in ddem (4) linea" tranter^ fo. 
eantuf K3.3.1. Sed vel non obfervavit, vel diflimulavit, autor correfpon. 
h™ mbd ler0rUrtl, fl k fUmm ° deorlum eundo F r columnas difponanUw 
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36 


84 


126 
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10 
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120 


210 


252 



Ita enim ftatim vera genuinaque eorurn natura ac gen era tio apparet ; 
elle lcihcet eos numeros, quos combinatories appellare foleo, de quibus 
multa dixi in differtatiuiiouia de arte combinatory ; quofque alii appellant 
erdines numencos; aliiin fpecieprimam coJumnr.m, unitat-.:m; ftciindam, 
numerorum naturalium; tertiam, triangulariurn; quartan), pyramidaJinm; 
quintam, tnangulo tnangularium &c. de quibus integer extat rratfaws Paf- 
chalii fub titulo 1 nanguli Arithmetici ; in quo tamen proprictatem nume- 

rofum 
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rorum ejufmodi tam illuftrem tamque naturalem * non obfervatam fum 
rnhratus, Sed eft profe&o cafus quidam in inveniendo, qui non femper 
maximis ! ingeniis maxima, fed faepeetiam mediocribasiionnulkofiert. 

,Hinc jam vera numerorum iftorum natura, & tabulae conftru£io, five a 
Regnaido five a Moutoniodiflimulata, intelligitur : femper enhn terminus 
datus columnae datae componitur ex termitro pra?cedente columns? tam 
prjjecedentis quam datac : atque illud quoque apparet, non opus efle md- 
lefto calculo ad tabulam, a Moutonio propotitam, continuandam, ut ipie 
poftulat ; cum has numerorum feries paffim jam tradantur calculenturque. 

Caetemm Moutonius obfervatione tft^, ad interponendas medias propor- 
tionales inter duos extremos numeros datos ; ego, ad inveniendos ipfos nu- 
meros extremos in infinitum, cum eorum difFerentiis, utendum cenfebam. 
Hiuc ille, non nifi cum differentiae ultimae evauefcunt, aut pene evanef- 
cunt, ufum regulae invenit ; ego detexi innumerabiles cafus, regula qui- 
dam inobfervata comprehendendos, ubi poflum ex datis numeris finitis, 
certo modo mulriplicatis, producere numeros plurimarum ferierum in infi- 
nitum euntium, etfi differentiae earum non evanefcaut. 

Ex iifdem fundamentis poflum efficere in progreflionibus problemata 
plurima ; aut in numeris fingularibus, aut in rationibus vel fraflionibus, 
Poflum enim pr<^refliones aoaere fubtrahereque, imo multiplicare quoque 
& dividere, idque compendiofe. 



T * 4 ' 5 V 6 

1 1 » _\ 

1 * 10 4 TJ * 11 

To * * 20 • Is * 54 
1 i _i_ 1 _ 

TJ • 35 * 7<i 116 

&c. &c. &c. &c. 



Multa alia circa hos numeros obfervata funt a me, ex quibus illud emi- 
net; quod modum habeo fummam inveniendi feriei fradionum in infinitum 
decrelcentium ; quarum numerator unitas, uominatores vero uumeri ifti 
triangulares aut pyramidales, aut triangulo-triangulares, kc. 

* Im$ obfervata fu 'tt. Vide Pafcbalii Triangulum Arithmetician, Parijtit annt 
1665 editum, pag. i, ubi defnitionum antepenultima hac eft. 

Le nombre de cheque cellule eft egal a celuy de la cellule qui la precede, dans 
Jon rang perpendicularly plus a celuy de la cellule qui la precede dans Jon rang 
parallels Ainfi la cellule f, ceft a dire le nombre de la cellule f, egale la cel- 
lule q plus la cellule e ; & ainfi des aut res. 
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K'XXXr. Injcrtnlls etiam Reg,* Smttath affervantur mtt^rapha awnme Molars 
a D. Leibmtto ad D, Oldenburgum eodem anno 1 673 fcriptarum • Ji 
autem Londkii data' eft, Februarii 20 ; retiftt*. verl Pari&s, 
Apnlis 26, Mali 24, 6? Junii 8. Omnlum^e, Jficundum ^pi m ■£ * 
emplana leguntur m hbro Regime Societatis N°VLpag. 24 
£r 137. - ' 1 > 

N° XXXII. i&##ml>. Leibnitius inJritbmetiedverfabatur: jam aa 1 Georaetriam [e cm 
•oertity &*n»fi proximo ad Oldentmrgium fcribit epijlolas duos, Parifiis ' 
Jul;. 1 & Oaob. 36 dWr, leguntur in libro eptjlolarum Regia Socie- 
tatis N° ril pag. 93 £f ri© f eademque reperiuntur imprejfa in torn ter. 
tto Operum Matbematicorum D. J. WalHs, & in fcrinm Reg. Societatis a L 
fervantur earum autographa, J 

Ex harum priore 1 5 Julii data, 
Biu eft, quod nullas a me habuifti literas, &c. Alia mihi theoremata 
lunt, momenti faon paulo majoris. Ex quibus iJlud imprimis mirabile eft, 
cujus ope area circuli, vel fedorisejus dati, ^xade exprimi poteft per fe* 
nemquandam numerorum rationalium coiitkme produftam in infinitunu 
bed & methodos quafdam analyticas habeo, generates admodum& late fu- 
las, quas majons facio quam theoremata particularia & exquifita. 



n°xxxiii. 



Ex pofterwre 26 Odob. datd. 
Porro, in eA geometric parte rem memorabilem mihi eveniffe nuncio. Scls 
V. Vicecomitem Brounkerum, & CI. Nic. Mercatorem cxhibuiffe infini- 
tarn lenem numerorum rationalium„ fpatio Hyperbola jequalem. Sed hoc 
\lr if? lo /f cer€ » ha ^enus potuit * nemo. Etfi enim illi firounkefus & 
VValliiius dedermt numeros rationales magis magifque appropinquantes ; 
nemo tamen dedit \imo uterque dedit ; Jed forte mnejm progitffifr- 
nem numerorum ratiouahum, cujus, in nimutum.coatinuatse, fummafitex- 
acte aqualis circulo. Sed vero mihi tandem feliciter fucceffit. Inveni 
eninxieriem numerorum valde fimplicem; cujus fumma exacTe araiatur ek- 
curmerentiae circuli ; pofito dkmetrum efle umtatem. Et habttea feries 
3d quoque peculiare, quod miras quafdam circuli & hyperbol* exhibet har- 
monias. Itaque tetragonifmi circularis proWema, jam a Geometria tra- 
du.tum eft ad Anthmeticam Iiifmitorum : quod haftenus fruftra quaere- 
batur. ^ Reftat ergo tantum, ut doclrina de ferierum, feu progreffionum 
mimencarum, fummis perficiatur. Quicunque fiattenus qaadraturam cirr 
cuh exaaam quaWe, ne viam quidem aperuere, per quam e6 pervenire 
polle Ipes lit : ^dnunc primiim a me fa£tum dicere au/im. Ratio diametri 
ad circumferentiam exaaa me exhiberi poteft perrationem, non quidem 
numeri ad numerum, id enim foret abfolute invenifle; fed per rationem 

numeri 

a J c ;fr!™n j Tr ante . ^f 5 "^ <eries Newtonian*., ante trieonium Gregorianas, cum 
S feirZir c C(rp,t ' Le,l5n,th,s in A "g'^ dmrf«b.rur anno fupcriore (,673), & ^nj-rf- 

ab 



m 
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numeri ad totam quandam feriem numerorum rationalium valde fimpHcem 
& regularem. Eadem + methodo etiam arcud cujuflibet, cujus fmus da- 
tur, geometrice exhiberi, per ejufmodi fericm, valor poteft j nulload inte- , 
gnx! circumferentiae dimenfiqnem.recurfai Ut adeo v necefl<? non fir, arcus s 
rationem ad circumferentiam noffe. , , 

Excerpta ex epiftold D. Oldenburg ad D. Leibnltium, anno 1674, 8 De- N'XXXm 
cembris datd,. cujus ajervatur autographm, Ea'deM autent legitu'r'hter 
epi/io/as Regia? Societatis, lib. N° VIL fag. efique reftonfum adti* 
terasD. Leibnit%26 (^obAs prmedentis datas. - 
Quod de profedlu in cuiTilinearum dimenfione memoras, bene fe habet'i'. 
fed ignorare te nolim Cuf varum dirhetiendarum rationem & methodum a 
laudato Gregorioj nec -non ab IfaacoNewtono, ad Curvas quaflibet,.tum me- 
chankas, turn geometricas, quin & circulum i{>fum, fe extendere: ita fc*- 
Hcet lit fi in aliqua Ctirva ordinatam 1 dede'ris, iftius methodi beneficio 
linesc curvze lgngitudinem, aream figurae, ejufdenv centrum gravitatis, So- 
lidum rotuiidum, ejufque fuperficiem, five ereaam five inchnatara, Sohdiqu& ; 
retundi Tegmenta fecunda, hordmque omnium converfa invemre .* qum & 
dato quolibet arcuin quadrante, fogarithmictim finum, tangcntem velle- 
cantem, non cognito natural!, & eonverfum computare. Quod vero ai* 
neminem haaenus .dediffe progreflionem nunierorum rationalium, cujus^ 
in infinitum continual, fumma fit aquaUs crfculo j id vero tibi tandem fe- 
' liciter fucceffifl'e, deeo quidem tibi gratulor, &c. 

Ex epiftold D. Leibnitii ad D. Oldenburg, Parifiis anno 1675, 30 Martii * XX»r. 
did. Extat auttgraplMKfcriptcris; ^ 

Re<r. Soc. N° VII pag. 213. Bdc autem reftondetur ad fupradSa, Ol- 
denburgi///^, 8 Decembtis pracedentis datas. 

Scribis, clarifrimumNewtonum veftrum habere **ho" 

Lolutione genitorum, dimenfiones, & centrorum ^f^'^f^ 
per appropinquationes fcilicet, ita enim laterpretor 0^ rn f™**™ 
univerfalis & commode, merettir ^ftimari ; nec dubito tore mgemohflimo 
authore dignam. Addis, tale quid Gregorw mnoturfle. 

Ex epiftold D. Oldenburg adD.lf**™, S^V^^^^ 
cijL babetur exemplar inter Ms An- 

&ZU d- Oldenburg mad D. Utoitium ^. 
D,Collimus,pr^ PrimoCLGre- 

abOMcnburgo acceperat m «» V^' } -^^^^&^^^ '< 

+ »Methodum cxiiibendi arcum cujus liaus datur, i^ewu 

Man ii, 1676. gorium, 
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gftnum , in poftema fua adilluftrem Hugenium refponfione, feriem W 
ditaflead femicircumfereadam circuli inveniendam.^irx talis PP ^ 
.Pone radium =r } dimidium latus quadrati inicriptl circulo - d- 
difimoam inter radium & latus quadratic,, femicircumfe^emiTi^ 

lis eft- • 4rr - . . . ... 

2( /__. _ fl ^*'3 # a 6o^ ~ * c *. m infinitum; ^uaT 

, * ^ ? "1400/^^484400^* 
feries adeo produci poteft, ut a lemicircumferentia minus differat, qiumulla 
qnantitas atiignabihs. ' i auiUiU 

_ Editumhoc ^taD-Qre^ri^ 
ma jam extabat; qu* ,quk pr mum viderat lucem, ad D« dSwiSf^" 
Ait tranfmiffa ; qui, oblervato in eft infinite feriei ulu ad logarithm™ con 
ftruendos, relcnbebat, methodum illam jam aliquandiu excogitatam Sc 

5SS Sg^ ^l-n—^ -mv^fun^ rei fpecilina 

Pofita pro radio unitate, datoque x pro finu, ad inveniendum z arcum 
^MrJ * : *~ x + ^+&x>+ T hS + T% lX -6ic. in infinitum. Et 

3 f " r J r ^ u ^ ms » methodo fym«x)lica, ft dederiss pro arcu, 
ad inveniendum x finum feries haee eft ; 

Atque W* rerie{facil^cpntinuarurLtnfi^ Trbris beneficio, ex finu 
30 grad. Ceulenn numen facile ftnrontur. 

trnm°^ m i ll,te | r fi ?n" aS ra<Hum R ' & * "num ardb; zona, inter diame- 
trum & chordam 1II1 parallelara, eft 

que eadem feries, mutatis fignis termini fecundi, quarti 
& fexti, Sec. infervit aftignandas area; zonae asquila- 
teris hyperbolae, viz, 

AFGB = 2RB4----?1-+-51--J2l4-I^ &C 

Kurium, dato radio r, & fi„ u vedb five fagittd ad inveniendam are- 
^ 4 £ eS "^ j^,* ch /da:pone ^ pro 2 r*, & erit fegmentum 

Et arcus integer = 2*+^ 4-1-1 4-iij. .i ... 6 3«" . 

nfi^eft j Greg °' iohabentur; 9 lias exhibuitex eo tempore, quo 

IlLt i^lll ^ \? UGd ab W> ^ t«ft ahnis faaum : poftquam 

cue nd n^ril,? • ?T t0n r g enmtim eam a PP IIe ^ Exinde\uP- 
que ad nos miiit feries firrules ad tangentes naturalefex earunderri arcubus, 

*a^^^^^^^a^»7 671 ' aGre ^ rioa ^rat, mfuprft; D.Leibniti*. 

t His verbis oat'et (Si. T , "^""'"vit, celatA hie epiftolS. 

commumcafis diverfa, rJ^ ' ^ °*'H ,b ? ,ti ^.. fe -M t c a "noi aliquot inveniffe profcflui eft, i 
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&converfim,obtinendum. Ex. gr. pone radium=r; arcum,^; tangen- 
erit, /=. + ^^ + ^ + |^ i+&c . £t converfim ex t a ,i- 
gente invenire arcum ejus, * ^j=/— il+ii _il_j.il _ & c> 

Atque hoc fhaum cum vides, .facile cfedideria, 9 pofle eadem methodo 
aeque racile ex arcu inveuiri finum vel tangentem logarithmicum, abfque in- 
ventione naturalis, & converiim. Pronum quoque tibi fuerit credere, me- 
thodum hanc applicari poffe ad reaificationem quarumlibet Curvarum ; par- 
ticulatim vero ad lineam quadratricem, & ad inveniendam aream illius fi- 
gurae : id quod antehac, nulla demum cum methodo, fuit praeilitum. At- 
que ulteriore caiculationislabore extendi poteft ad inveniendaS ;:rcas fuperh- 
cierumin rotnndis Solidis inclinantibus; nec non ad invenietidas Soliditates 
fecundonim fegmentorum in Solidis roturulis. E. G. Si Conotdes aliqua 
fecetur a piano tranfeunte perbafin ejus, poterit id vocari fegmentum pri- 
mum ; & fi haec portio iterum fecetur a piano, redlo ad planum prius fe- 
cans, portio, eum in modum feda, hoc ipfo iutenditur, ut fit fegmentum 
[fecundum]. 

Porro methodus eadem applicatur inveniendis radicibus purarum potef- 
tatum, valde aifeclarum aquatbnum ; ita ut ex quolibet numero, abfque 
logarithmoriim ope, exekare polfis quamlibet poteuatem per faltum, & ex 
quavis poteftate, utut afFefta, invenire radicem ejus, vel quodvis medium 
illud, inter & unkatem allignatu m. D. Gregorius ma^no labore paravit fe- 
riem infinitam, generatim rcfjpedivis pottftatibus afrcclris cujuflibet equa- 
tion is propofitae adaptandam ; ita ut quivis Algebras cultor, perm ipfius inr 
ftru&us, mox aptare poflit feriem aliquam, ad inveniendam quamlibet radi- 
cem cujufvis sequationis propofita; ; poftquam innotuit, ad quo.1 latus noti 
limitis radix ceciderit. Verum id ha&enus nobis non communicavit, v.t'i 
nec nos ilium ad id faciendum iblicitavimus ; imprimis cum ipfe luben.3 
permittat Newtono, ut ille primus novae hujus methodi de infmita fc-rie in- 
,ventionem orbi mathematicd patefaciat, &c. 

Ex epijlola D. Leibnitii ad D. Oldenburgh, anno 1675, ?o Maii, ParifiisX'XXXVU. 

da:d. Exiai aitf.gr a phon ejus, tademque legit ur in Ukro ep'flolarum Regia 
, '■ Societatfs, N° Vll.fag 235. Rcfponfum autem eji ad prtedicias D. 01- 

denburgi liter as 15 Aprilis datas. 

Literas tuas, multa fruge algebraica refertas, aecepi ; pro quibus tibi, & 
dodiffimo CoHinio, gratias'ago. Cum nunc praeter ordinarias curas mecha- 
nicis imprimis ntgotiisdiftrahar, non potui examiuare leries, quas miiiftis, 
ac cum t meis comparare. Ubi fecero, | perfcribam tibi fententiam me- 
am : nam aliquot jam anni funt, quod inveni meas, via quAdam fie latis lin- 
gular!. Collinium ipfum magni facio; quoniam omues pur* mathefeos 

. J N.'B. Hoc nunauam fecit D. l*il»ni«iw ; fed «bi fertts dnA* ptihias per M«hrum qiienirm 
ten*,, atctpilkt, m.flul..vit ■twlboduin D. Nwtcmi, fenrenkmli ad tltas duas Ux*»< atl f ' 
PM nullas prius b Oldenburg* aewpiffet. El hoc p epi«»<'i"» OWcnbiwgi tiAmm trstea. 
iio, iwt rrtiam »bun:it kritrunv ab eo acctpturum nitiawm libi *t««Uc.tn<li. 

partes 
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partes ab lpfo egregie cultas video. Multa h'nbeo deftinata, a" quibus tte de- 
terrent calculi tantum ; qui nec fufcipi facUo ab homine occupato, nee al- 
teri, nili doftifiimo ap fmceriflimo, tutd credi poflunt. 

■ ~ . ■ • "~ ■ - - ■ ' . i 

K° Ex ASlis Erudiiorum anno 1691 menfe Aprili, pag. 178, kabentur hae D. 
xxxvill. . Leibnitii verba. 

Jam anno 
sb amicis ab 1 

mare ad editionem non vacavit, pojlquam alia bccupationes fupervenere ; j>ra - 
•friim turn nunc prolixin* exponere vu/gari more, qua Analyjis nojlra nova path 
cis exhibet, non fatis opera pretium videatur. Interim infgnes quidam Matht- 
matte i, quibus Veritas primaria nofira propofitionis dudum in aSlis pubikaix 
innotuit, pro humanitate fud, noftri qualifcunque inventt candide meminere. 



10 1675 compqfitum habebam* opufculum £>uadratura Arithmetica, 
ab illo tempore leclum; Jed quod, materid fub manibus crefcente^ IU 



N e xxxix. Excerpt a exfchediafmatis manu D. Collins exarati's t & in fcriniis ejus reper- 
tis, & nonnulltsin locis Oldenburgi calamo cajligatis ; qua quidemD. Ol- 
denburg D. Tfchurnhaufio. tranjmittenda acceperat, &• Latine verterat. 
Extant autem turn autographa D. Collins, turn refponfum ad eadem D. 01- 
, denburgo. redditum, cum titulo manu ejus infcripto, " Refponfum ad Scrip- 
turn' D. Co/liniide Cartejii In vends, Accep. d. 8^a/z// 1765." 

• Nonnulli Cartefium arrogaritiae infimul&ruat, afferentem fe ex'omnibus 
•modis friethodifve poflibilibus, in'optimam limpliciflimamqueincidifle. An 
ullibi hoc affirmaverit Cartefius plane nefcio :. certum tamen, eft methodum 
ducendi tangehtes multum promotam fuiffe a Newtono &.Gregorio. Ita 
liquet ex Newtorii epiftola" anno 1672, 10 Decimb. dati. Vide N° XXVI. 
N. B. In hoc fchediafmate habetur apographum epiflola hujus, ut&apogra- 
phum epijlola Gregorii ad Collins 5 Sept. 1670, fuprd imprejfa. 

W° XL." Ex e piJlM D Oldenburg ad D< Leibnitium, anno 1 675, 24 Junii datd, & 
in libro epiftolarum Regia Societal is, N° FIL pag. 243 defcriptd. Refpon- 
fum autem ejl ad pr'acedentes D. Leibnitii literds, 20 Maii daias. 

Dominus Newtonus, beneficio logarithmorum graduatorum in fcalis, 
wc^uKXrtXug locandis ad diftantia's aequales," vel circutoriim cbncentricorum 



pun&o, tarn remoto £ prima regula"ac Tdala? graduataefunfdH'HWicem, lihea 
ceda iis fuperextenditur, % urta l: currf pnefcriptis con&rmibus genio aequatio- 
nis; qua in regularum una" daturpoteftas pura radicis quaefitae. 

* Qyadrat'ura Arithmetica, de-qu& bfc agltur, ea eft,quam Gregdrius cum D. Collinio, initio 
atmi i6 7 i,01denburgu»*um D.Leibnitio, hoc anno, communtcavit. De hie quadraturS D. W 
nmus opuiculnm viilgari more compofuif, & cum amicis hoc anno commnnicare capitj ann 
proidmo icriptum polivdt, ut cum Oldenbwrgo communicarehir i anno tertio in patriam redux nc- 
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!Ex epiliold D. Leibnitii ad I). Oldenburg, Parifiis anno 1675, 12 JuWi data, N°XU. 
Hujus extat autographum j habeturque exemplar ejus in libro epijhlarum 
Regia Societatis, N° FIL pag. 149. Refponfum autem eft ad lit eras pra> 
cedentes D. Oldciiburgi, & impreffa legitur inter Opera D. Wallifii. In 

hdeperperam fcribttur Parius pro Darius. 

Methodum celeberrimi Newtoni, radices aequationum inveniendi per in- 
ftrumentum, credo difFerre a meL Neque enim video in mea, quid aut 
logarithmi aut circuli concentrici conFerant. Quoniam tamen rem vobis 
non ingratam video, conabor abfoivere, ac tibi commuuicare, quamprimum 
otii fat erit. 

Scripfifti aliquoties, veftrates omnium Curvarum dimenfiones per appro- 
pinquationem dare. Velim noffe, an polTint dare geometrice dimenfionem 
Curvae ellipfeos vel hyperbola, ex data circuli, aut hyperbol*, quadratura. 

Ex ebiflold D. Oldenburgi ad D. Leibnitium, anno 1675, 50 Septemb. N° XUh 
datd Cuius extat exemplar manu D. Oldenburg defcriptum. Legitur eti- 
am in libro Regia Societatis N* FIL pag. 159, & refponjum ejl ad frace- 
dentem. 

Scriptum quoddamBelgicumBelga quidam, Georgius Mohr vocatus, Al.- 
fiebra & Mechanic* probe peritus, apud Collimum noOrum reliquit; qui 
?pographum ejus, quale fate infertum vides impertire tibi yoluK.— 
"•Mumhaufius nuper Parifios hinc profeftus eft ; & tc fine dubiojani falu- 
tavit. • Scire cupis, an dare noftrates geometrice poffint dimenfionem Curva 
ellipfeos aut hyperbola,, ex datd circuli, aut hyperbolae, ^adratur^ Ait GoU 
linius, illos id i pwfta« non pofle geometric* p«afione ; fed dare eos pofl^ 
dufmodi approximationes, qua3 qukunque quant.tate da a minus ^ febpo 
lerrabunt P Et fpeciatim, quod attinet allcujus arcAt circuli redificattonem 
impertire tibi poterit laudafusTfchumhaufius methodum, a Gregono noftro 
Lventam, quam, cum apud nos effet, Collinius ipfi communicavit. 

Exepiflold D. Leibnitii .^.Oldenburg »;"^^XLE 
dttd. Extat autographum ejus, defcnbmraue m hbro Regra ***** 
N° VII. pag. 189, & AD. Walhfio impreffa ejl. 
Duarum tibi literamm debitor, rogo „e fequius 

meum ; foleo enim interrumpi nomiunquam & h*c fti^a J^^™ 

•traaare. Qu6d ^h-nha U ^ 

tumenim ^^^^ % dt ^^^^^n^ Analytica 
clarum & magna promittens. Invc ?J*™ l ^ cili judic0 , quid ab eo expec- 
& Geometrka, fane perelegantia. Lnde racnejucu ,i 

*tari poffit. 

• t r u crefcente. opni ad editionem limare non 

^iis publici. inters coepit; ^^^^^^^i^^^^f^ 
AmpMs vacavit. Sed neque operx prettum di«u, mum ? p ft ^ am D.Uibmtiu. opufcu- 

analyfis fua no.a paueh exhibet. ]^^Z^ negotils pubJicu imercfle tmp\U 
Jam, vulgari more compofiwm, pol»re & ~ * HaboblS 

Vol. IV. AXX 
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Habebfs & a me bftrumentum sequationes omnes geometrieas conftm- 
endi unicum : et meam quadraturam circuli, ejufque partium, per ferietn 
numerorum ratioiiralium infinitam ; de qua aliquoties fcripfi, & quam jam 
plufquam biennio abhinc geometris hie communicavi, 

JfXLIV, Exepifiold D. Leibnitii ad D. Oldenburg, Parifiis, 12 Mail, anno 16-6, 
data 1 cujus autographum in fcriniis Regta Societatis qfervatur, cum not is 
manu Oldenburgi in tergo fcriptis, 

' Cum Gregorius Mofir Danus [fuperih Belga\ in Geometra & Analyfi 
vedatiffimus, nobis attulerit communicatam fibi a do&iffimo Collinio vef- 
tro expreflionem^ relationis inter arcum & finum, per bfinitas feries fe* 
quentes : pofito finu x, arcu s, radio 1 . 

liaec * in oj/am, cum nobis attulerit ille, quae mihi valde ingeniofa vt- 
dentur; & pofterior imprimis feries elegantiam quandam fingularem habe- 
at ; ideo rem gratam mihi feceris, vir clariffime, fi demon ftrationera tranf- 
miferis. Habebis vicifiim mea ah his longe diverfa, circa hanc rem medita- 
ta ; de quibus jam aliquotabhinc annifr ad te petfcripfiffe credo ; demonftra- 
tione tamen non additi, quam + nunc polio. Oro ut Cl.Collinio multam 
a me falutem dicas y is facile tibi materiam fuppeditabit fatisfaciendi defi- 
derio mea. 

N-XLV. Ex epifiold D* Collins ad Oldenburgum, D, Leibnitio turn Parifiis- 
agent i tranfmittendd, Hujus exemplar, anno 1676, 14 Junii, manu if' 
jius D. Collins defcriptum^ ac in fcriniis ejus repertum, eiiamnum conferva' 
turn eft. 

Refpondeas, placet, ad ea qurae quaerit D. Leibnifius, in Uteris ejus t% 

Maii datisy feriei primae numeros coemcientes, — , — , hoc modo 

- 6' 40 ii3 1 1 52' 

compofitos el?e, ^ - ± . , &c~X iX} = 3 • &i. x lfi = -L; &~*-X 

2X3 6 & 4X5 40 40 6x7 112' m 

: fZ;-77J-*> & 7T^ X ^77 I = l8,6 ; atq«e ita deinceps in infinitum. Unde 
intelligi pomt, hanc feriem elegantia minime cedere converfe ejufdem ; quae 
tamen illi magis arridet. _ Meditata ejus de eodem argumento, cum funda- 
mentis plane diverfis innitantur, 11011 pofl'unt nobis non etie acceptiffima ; 
atque exoptamus ea fidem noftram exnperare poffe. Hujus autem metho- 
di ea eft praeftantia, ut cum tam late patent, ;id nuHam haereat'difiiculta- 
tem. Gregoritim autem aliofque in ea fuifle opinione arbitror, ut quic- 
qurd ufpiaro antea de hac re innotuit, quafi dtibhi dikculilwx fuit, cum 
meridianl claritate conferatur. 



* Qijafi ante anntira eafdcm noi aecq iffet ab Oldenbnrgi. 



Hoc 
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tide anm % dm D. Gregorius, anm fuperiore adfinem vergente, emertuitsWXLyL 
effet, qutf cum amicis communicaveral in unum corpus, folicitante D. Leibnitio, 
colk£iafunt. Et extat colkflio % manu D, J. Collins exarata % cum hoc tituh ; 

Bxcerpta ex D. Gregorii epiftolis cum D. Leibnitio commmicanda ; tibique po/k 
quam perlegerit i/ie, reddenda. Et fc orditur. 

D. H, Oldenburg Armigero. 

Quandoquidem impenfe rogafti me, permotus folicitatlonibus D. Leib- 
nitii & aliorum ex Academia Regia Parifina, ut hiftoriolam aliquam con- 
ciimarem, ftudia & inventa doaiffimi D. Jacobi Gregorii, nuper defuufti, 
exhibentem ; quoniamque araa inter nos amicitia, crebraque dum viveret 
literarum reciproeatio fuit ; in honorem nominis ejus, quaecunque majons 
momenti in Uteris ejus occurrunt, fumma fide m unutn colhgere fta- 
tuo, &c. 

In hdc colleBione habetur eftjiola fufenh tmpriffa Gregorii ad Collins 5 
Sept 1670. Habetur ^ epiftoia fupenh imprefa, qua Gregonus quadratu. 
ram prjitiam arithmeticam, initio ami 1671, cum D. Collins commumcavit. 
£ jtur® epipia D. Newtoni*/ D Collins, 10 Decemb. «6 7 a data ® 
fuperih impreL. in ^;Newtonus/ metbodum generals habere dtcjt du- 
J XdUan Jnti auadLdi curvilineas t & fmiita peragendr, Gf ^umj,. 
Xb ^enJi Jtente, ex P onit: quam metbodum D.L«bmtiu8 dtferentiatem 
pojiea Zcavtt! B*c coLio adD. Leibnitium mtfafmt 26 Junu 1676. 

F* Mold D Collins ad D. Davidem Gregorium, fr*m Jacobi Gregorii N'XLVIL 
habetur exempL manu ipfius D- Collins defectum. 

Hiftoriolam comr. 
tre tuo, de rebus n 
ceperim : eo fine, 

commiflam & afl'ervatam, mnw -j- —r- - c i rc ker fchedis. Me 

pretio, .nnftdptnn habere. ZU,c Vm Hu- 

ierd nihil omiMfc.quod «1"?J» iS« us contingerc ,ufn,. 

genioaliifvecontroveriaexp.p.as, ar a. lacras jur ^ 

Mathematicis Gallis q«orfq^ jrofa* * ' e 4 x feq„ e „tib, S com- 

fcire aventibus, «e operam ^.^%$^fi£Jr* D. Collin,. 

fcifcitabanturea,qu*rnonens ra.que «t, u nf . fe . 

Mtinew doarinara ferierum ' nfil " taru ";J Ud J aeinde ad Dalidem Grego- 
quemem ideo ad eos tranfroUtcndam curav., ac 
rium, ftatrem Jacobi fupcft.tem. 
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Quod attinet do&rinam feriemm infinitarum, Mercator, in Logarithmo- 
technia fua, primum fpecimen ejus orbi exhibuit ; , applicando earn ad hyper- 
bolae quadraturam tantum, 5c ad logarithmorum conftruclionem, ablqne 
radicum extractione. Hanc ipfam ejus do&rinam a D. Wallifio, in Tranf.< 
Philofoph. illuftratam habemus ; eamque poftea adauxit & promovit D. 
Gregorius m Exercitationibus ejus Geometricis, eodem anno editis. 

Paucospoft menfesquam editi funt hi libri, mifli funt ad D. Barrovium 
Cantabrigiae. Ille autem refponfum dedit, hanc infinitarum ferierum doc- 
trinamjam ante biennium a D. Ifaaeo Newtono inventam fuiffe; & qui- 
bufvis figuris generaliter applicatam : fimulque tranfmifit D. Newtoniopus 
manufcriptuoi, a D. Collins deinde cum D» Vicecomite Brounker, Regis 
Societatis turn Praefide, communicatum. Barrovio autem cathedram mathe- 
maticam abdicante, Newtonus, ab eodem commendatus, in fucceflforem ejus 
electuseft; & de hac do&rin& public^ praelegit : le&ionefque ejus in biblio- 
theca" public^ Cantabriglenfi aflervahtur. 

Collins deinde, mediante D. Barrovio D. Newtono familiaris fa&us, li- 
terarum commercium cum eo habuit ; & ab eo epiftolam obtinuit 10 De- 
cembris, anno i6;2datam, qua docet modum ducendi tangentes ad Curvas 
geometrical, ope sequationis, qua" relatio inter ordinatim applicatas & al> 
iciflas exprimitur. Vide epiftolam hanc, N° XXVI. 

Collins etiam in diverfis Uteris, anno 1669 ad D. Gregorium datis, ei- 
dem fignificavit Newtoni in hac materia fucceflus. Gregorius autem con- 
tra, fequoque plures habere pro circulo feries ; fimulque petiit nonnullas e 
Newtpnianis, quas cum propriis conferre voluit, ad fe mitti. Mifit igi- 
tur aliquas D. Collins; quas Gregorius a fuis prorfus diverfas, & faciliores 
calculoque aptiores inveniens, haud levi ftudio in eandem ipfam Newtoni 
methodum incidit,, circa annum exeuntem 1670 licut ipfe apertein epif- 
toia 19 Decemb. teftatur. N° XV1IJL 

Cum D. Leibnitius methodum peroeniendi ad feries, anno fuper'wri fibi mifrs 
defideraret % & ut Gregoriana omnia Lutetiam Parifiorum mitterentur: Ol- 
den burg us & Collins, Newtonum enixe rogdrunt, ut ipfe methodum fuutn de- 
fer iberet cum D P Leibnitio communicandam, 

n° XLvm. Epiftola prior D. Ifaaci Newtoni, Mathefeos Pr of efforts in celeberrima 
Academid Cantabrigienfi, ad D. Henricum Oldenburg, Re- 
galis Societatis Londini Secretarium % 13 Junii 1676; cum U- 
lufiriffimo viro D. Godfredo Gulielmo Leibnitio (eo mediante) 
commnnicanda. Uteris Oldenburgi (26 Junii) dtf Leibnitiuni 
mijja. 

Quamqttam D. Leibnitii modeitia, in excerptis quae ex epiftola ejus ad 
me nuper mififti, noftratibus multum tribuat circa fpeculationem quandam 
Infinitarum Serierum, de qua jam coepit efle rumor : nullus dubito tarnen 
quin ille, non tantum, quod aflerit, methodum reducendi quantitates qual- 

cunque 



Newtoni 
- ad Oldek- 
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eunque in ejufoiodi feries, fed &. varia compendia, -forte noftris fimilia, fi J»* 
non & melidra, adinvenerit. ' . A . . r 

Quoniam tamen ea fcire pervelit, quae ab Anglis hac in re inventa funt ; 
& iple ante annos aliquot in hanc fpeculationem mciderim : ut votis ejus 
aliqud faltem ex parte fatisfacerem, nonnulla eorum, quae mihi occurrerunt, 

ad te tranfmifi. . , r • 

Fradtiones in i'nrTnitas feries reducuntur per divifionerh ; & quantitates 
radicates, per extraaionem radicum; perinde inftituendo operationes iftas 
b fpeciebos,. ac inftitui folent in decimalibus numeris. Haec funt funda- 
menta harum reduaionum. . • 

Sed extra£ttones radicum multum abbreviantur per. hoc * Theorema. 

f+^j' = ,T + i «.+ =#B^+ ^-'C^+ 

Ubi p+pojignificat quantitatem, cujus radix, vel etiam dimenflo quae^ 
vis, vel radix dimenfionis, inveftiganda eft ; p, primum termiuum qoan- 
titatis ejus ; Q_, reliquos terminos divifos per primum. Et % numera- 
km indicem dimenfionis ipfius p+pqj five dimenfioillaiiitegrafit; five,, 
ut ita loquar, frafta ; five affirmativa, five negative Nam, ficut. ana- 
Iytee, pro J, aaa, &c fcribere folent a\ a\ &c. fic ego, pro^, y/a , 
kfoibo«W; &pro^^,^ fcribo Etfifc 

pro fcribo^xTT^]" 1 ? & v^-^mih^m'' fcrIbb 

aaby^m--*, In quo ultimo cafa, fi J+b^ concipiatur efle 
^Tin^.enr^^^^; «=3 Deniqua, pro 
terminis inter operandum inventi. in quoto, ufurpo ,A, 3, c, p, &c. Nempp 
A ,p rop rimo tt rm^ 

ufus regul* patebit exem plis. **•_£. + ^1— 

Exemplumr. Eft ■ </cc+xx (feu i7+^0 .- "V 
'l£--&C. Nam, in-hoc cafu,.eft .<y= = « = 2 ' A 

fic deinceps. j7 77tt^ : W ^ 7T?^1')==^ 

JT^>3^L Ut patebit fubftituendo in allatam regu- 

S '* * ! '* , „ u 'JiZil pro a„ Poteft etiam Mi- 

lam, 1 pro m, 5 pro », c' pro r, & -J~ P ro 

ffitui pro P, & ^ pro «. Et tunc vJTTT^ : = -* + 

fupd imprefla. Vid. fuprl, N° XII. €M 
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L E oZ;. &c. Prior modus eligendus eft, fi » vaiaj p „. 

vum fit ; pofterior, fi valde magnum. 

Exem. 3. Eft V f; yJ;> C hoc eft * NX 3^-^1~*) aequalis NX-+ 

#,» 2« 4 , 14a* a »r 1 ** " 

y + ^ + ih7 &c - Namp=/. q_=--. « = -;!, »= 3 . a(pT= 
J x - }) =/ - tj hoc eft J.. , (= ; Ai _ _ f x i. x = - && 

Exem. 4. Radix cubica ex quadrato-quadrato ipfius d+e t hoc eft 

m 

A (=p7) — & C . 

Exem. 5. Eodem modo fimplices efia m -pot eftate s eliciunfur. Ut, fi 
quadrato-cuhus ipfius*/ 4-*, (hoc eft, d+e % feu ^ + t "j 5 ) defideretur. Erit 

juxta regulam, iP = </. qj= — . m = 5. & a = 1 . Adeoque a ( =: p » ) 
= d 5 . b (= " acl) =5^V. & fic c = ioiV. d = io^&V E=r 5^*. 
F=r^ s . & G( = ^FQj=rO. Hoc eft, I+^ 5 = ^ 5 + 5^ 4 /+ .«/'«+. 

Exem. 6. Quinetiam drvifio, irve {implex fit, five repetita, per eandem 
regulam perficitur. Ut fi hoc eft, d+e\~\ five?+7|^, in ferieni 
fimpltcium terminorum refolvendum fit: erit, juxta regulam, v=d< 
o_— -J. mzs-i. & a (=p^=^)=^- r , »(=*aq=c 

^xix^J=-^ Etficc=J J>~-% fcc. Hoceft,^ 

Exem. 7. Sic & hoc eft unitas >ter divifa per vel fe» 

mel per cubum ejus, evadit ~ - ~ - ^ +&c. * 

a 0 a a 

Exem. 8. Et nx^+T)^, hoc eft n divifum per radicera eubicatn 
jpfius d+ e, evadit n x - l - ~ + — - -^tt + &c. 

Exem. 9. Et n x 2+7) hoc eft jr divifum per radicem quadrate- 
.eubiqam ex cubo ipfius d^e. five ■ ;-^ ====^=ss====s=g t evadit ifX-r" 

~~Z + ~70 r»*f&e. 

T 125^ T 

Per eandem regulam, genefes poteftatum, divlitones per poteftates aut 
rper quantitates radicales, & extraaiones xadicum altiorum in num€r» s > 
ctiam commode inftituuntur. 

Extradtiorics 
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^Ktra4iiones radicum aequationum affeftarum in fpeciebus iinirantur ea- *v*ovm 
rum extraftionem in numeris. Sed oaethodus Vieta&& Oi^ghtredi noftri ?RI0 ** 
huic negotio miiius idonea eft ' 'Quapropter aliam excogitare adaclus fum, 
cujys fpeeimina^ ne repetantur, vide inTraSlatu de Jnafyfi pag. &c. &c. 

Dicam tantum in genere, quod radix cujufvis aequationis iemeTextra£ta, 
pro regul^ refolvendi confimiies aequationes aflervari poffit ; quodque ex 
pluribus ejufmodi regulis, regulam generaliorem pleruitiqtte effbrmnre li- 
ceat ; & quod radices omnes, five fimplices fmt, five atFeclae, " modis infini- 
ti§ extrahi pofiint ; de qrawrum fimplicioribus itaque Temper confulen- 
diimeft. 

Quomodo ex aequationibus, fic ad infinitas feries reduftis, areae & lon^- N° XL1X. 
.tudines Curvarum, ^eottteuta & Superficies folidorum, vel quorumque feg- 
mentorum figurarum quarumvis, eorumlibet centra gravitatis detenninen- 
tur ; & quomodo etiam CurvaB-ofimes Mechanicae ad ejufmodi aequationes 
infinitarum ferierum reduci poflint *, indeque problemata circa illas refolvi, 
perin de ac fi Geometricae eflent ; nimis longutn foret defcribere. SufBciat 
ipecimina quaedam talium , probkmatum recenfuifle : inque iis, brcvitatis 
gratis, literas A, b, c, d, &c. pro terminis feriei, ficut iub initio, nonnun* 
quam ufurpabo. 

1. Si ex dato finu redo, vel finu verfo, arcus defideretur: fit radius r, 
& finus rectus : Eritque arcus = x + ~ + ^— + ~ + &c. , Hoc. eft, 

r=x + A + ^-B + + + &c, Vel fit d diameter, ac 

y finus verfus: & erit arcus = fi xi + *| + + &c. Hoc eft, 

= */dx in i - + ~ + -^r, + &c. 

2. Si yiciflim ex dato arcu defideretur ,fimi3 : .fit; radius r, & arcus z, 
Eritque finus re^us-^ - + ~ - ^ + &c « Hoc eft » =^ 

-b - r—- c - &c. Et finus • verfus = j + - 



sX-jrr 4 XSrr 6X?^ x.r 2^ 7 iOr s 

— ^+&c Hqc eft.— -— a-^b-^c-^&c 

3. Si arcus capiendus fit in ratione data ad aliumarcum : efto diameter 
±s d; qhorda «rc$s dati = x] & arcus quaciitus ad arcum ilium datum ut 

• 1 ~ nn 9— »* 

.« ad 1. Eritque arcus quaefiti chorda = nx -f ^^^A + ^^^B-r- 

it — nn 40— «« 81 — a* 0 

Ubi nota, quod cum n eft numerus impar, ienes delinet elte lnnnita ; & 
evadet eadem, quae prodit per vulgarem JVJgebram, ad multiplicandum da* 
turn angulum per ifturn numerum «, 



4* 



C O H M E R C I U M 

4. Si in axe alterutro, ab, ellipfeos Aro^ujus 
centrum c, & axis alter dh^ detur punftom aK- 
quod, e; circa quod recta, eg, oecwrrens eUipft 
in g. motu angulari feratur ; & ex data aret 
fectoris elliptic! beg, quserattur re&a gf, qua a 
puncto g ad axem normaliter deraittituf : efto 
bc = q ; dc =r ; eb = * ; duplum arcae 
beg = z, 

Et ent gf =--^2^+— s + &c Sic 

itaque aftronomicum illud Repleri problema refolvi poteft. 

5. Ineldem ellipfi, fi flatuatur CD=r, 55 =<V& cf=*; erit [arcus]ellijp- 

«ticus jpg = ^+^ , ^^ + ^* 7+ 7^' + I^ A: " + ^ 




40c 4 



3%rc* 



z^rrc 

.1 



* 3 
88rrc* 

_J 

35 m* 
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"Hie numerates xoefficientes fupramerum terminorum -n* tj* & c 0 
in muficS progfeffione : et numerales coefficientes .omnium inferioriim, 111 
unaquaque columna, prodeunt multiplicando continuo numeralem coeffici- 
? . . ." • , • /r • I*" 1 ^"-3 i!zJ 

entem fupremi termini per terminos hujus .progrefiioms, — 7— t — 6 ' 
fcL? l!Zi, & c . Ubi n fignificat numerum dimenfionum ipfius c, in deno- 
minatore iftias %r.emi termini. . E. g. Vt terminorum infra — 6 nume- 
rales coefficientes mveniantur.; pono n = 6, ducoque ^ numeralem co- 
efficientem ipfias in hoc eft in 1 ; & prodit iwmmB 

coefficiens .termini proxime inferioris. Dein duco hunc ^ in — — , u ve m 
, hoc eft, in f : & prodit numeralis coefficiens tertii termini in ifta 



*-5 
4 



xolumna. Atque ifta ^x^P fecit U„ numeralem coefficientein quarti 



termini. Et T j T X facit 



6 *" — 

r ' I numeralem coeffieientem infimi termini. 



Idem in aliis, ad infinitum ufque, columnis praeftari poteft : adeoque yalor 
jpfius dg, per hanc regulam, pro lubitu produci. ^ 

Adhaec, fi bf dicatur x 9 fitque r latus re&um ellipfeos, & t = ^ * crtf 
. arcus eliipticus bg = 
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5*9 



sitvc in i + n 




+4 j 


-10 ■ 




















+ Sec 






7 r» 


+ V ^ 





or* 



Qnare, fi ambkus totius ellipfeos defideretur : bifeca cb in F» & qu*rc 
a^wttT5aiper priiis theorema; & arcum bg, per pofterius. 

6.-. Str i ct T Lift, ty dato arcu elliptico, dg, quaeratur finus ejus cf ; turn 

*' * J CB* * • 

difto cd = r, — = c, & arcu illo dg = z ; ent 

49? 

Quae autem de ellipfi dida fun*, omnia facile accommodantur ad hyper- 
bolam { mutatis tantum (ignis ipforum c & r, ubi funt imparwm dimen- 

7. Praeterea, fi fit CD hyperbola, cujus 
\ tfymptoti,EB,EF, reaumangulum,iBP,conftH 

\Q tuant ; & ad eb erigantur utcunque perpendi- 

cula, Ac, bd, occurrentia hyperbola; in c & d : & 
e a dicatur a ; AC, b ; & area c adb, z ; ent ab 

efficientium denominatores prodeunt, multipli- 
cando terminos hujus arithmetic* progreffioma 
1, 2, 3> 4.'5. &c- in . fc emitinuo. Et hinc ex logarithmo dato poteft Hu- 
merus ei competens inveniri. . , n „ . 

8. Efto vde quadratnx, cujus vertex eft v ; 
exiftente a centre, & ae femidiametro arcu!. 
ad quern aptatur, & anguio v Ae refto : demv(- 
foque ad ae perpendiculo quovis, db, & atU 
quadratricis tangente, bt, occurrente axi ejus, 
lv, in t: die av = *. &ab = *; enrque 





X lH ^L + — +&c. Et area avdb=**--- 

. - &c. Et arciis vd=* + — + MJ 5a 4 f 893^ r . . ' 
Viciffim, ex dato bd, vel YT» aut area" avdb, arcuve yd, per refolutionem 
afFedarum aequationum, erui poteft x, leu AB. r ; r caaxem AB 

9 . Eftode^ique AEBfphxroides.revolut.one^^ 
genita, & fefta planis quatuor ; ab, per axem tranfeunte % DG,para 
Vol. IV.- 
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NE «I 0,rr * CDE * P er P enaicularitcr bifecante axera ; & fg, paraltelo ce t fiteoe relfe 
Au Etr * cb = ^, ce — cfc=#, &FG=_y: et fphaeroideos fegmentum cdgf 
diais quatuor planis eomprehenfurn, erit - * 

3aa i8*w* 401'^ i^bc^ak ' 



ex* x> sx> 



-Sec. / Pi* 






-&c. 

Ubi numerates coefficiehtes fupremorum terminorum (2, - }, 
~ 1 6» - yfe* & c ) in infinitum produeuBtur, nnHtiplicando primum co- 
efficientem, 2, continuo per terminos litjjus progreflionis ; - ~^ r , 

*ix~9' ToxT^' '^ cc *' ^ namerales coefficientes termjnorum, in nosiquaque 
columns' defcendenthim in infinitum, producuntur multiplicand© continue 
coemcientam fupremi termini, in prima column^, per eandem progreffio- 

nera ; in fecunda autem, per ieriainos hujtts, «* 
tertia, per terminos hujus, f~, f—^lF? f£? &c * 1 "* <l uarta > F r> termi- 

nosjiujus, ff>, &c; in quintt, per terminos hujus, gj.gj. 

"11x5 . . ^ 
■fc— . &c. Et fic in infinitum. # ' "*^_ 

Eteodem modo Tegmenta aliorum Solidonim defignari, & valoYes eo- 
j-um aliquando commode, per feries cmafdam numerales,in infinitum pro* 
auci pofl'unt. 



Ex his videreeft, quantum fines Analjfeos per hujufmodiinfintfas.aeqija- 
tiones ampliantur : quippe quae, earum beneficio, ad omnia- pen^tfixerim 
problemata, fi numeralia Diophanti & fitnilia excipias, fefc'extendit. 
, Non tamen omniuo univerlalis evadit, nifi per ukeffores quafdam me- 
thodos eliciendi feries infinitas. Sunt enim quaedam problemata," in qui- 
bus non liceat ad feries infinitas per divifionem vel extra&ionera radkuai, 
fimplicium afFeftarumve, perveiure. Sed quomodo ill iftis cafibus proceden- 
dum fit, jam non vacat dicere ; ut neque alia qua^amtradere, qua? circa 
reduaionem infinkarum ferierum in finitas, ubcreoiatura tulerit, exco- 
gitavi. Nam parcius fcribo, quod hae fpecuktiones diu mini faftidio efle 
coeperunt i adeo ut ab iifdem jam per quinque fere annos afefHnuerim. 

Lnum tamen addam ; quod poftquam problema aliquod ad infinitam 
aequationem deducitur, poffint inde varise approximations, in ufum Me- 
chamca?, nullo fere negotio formari ; quae, per alias methodos c^xCim, 
multo labore temponfque difpendio conftare folent. 

Cujus m- exemplo effe poflimt tra^atus Hugenn aliorumque dequadra- 
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turd circuit Nam, ut ex datfi arcus chorctt, a, & dimidii arcus chords, i, 
arcum ilium proxime affequaris : finge arcum ilium eflc % f & circuit ra-" 1 "' 
dium r ; juxtaque fuperiora erit a (nempe duplum fums dimidii z)=zz~ 

^+4X4^*^~ &c - EtB =* z ~r^ Due 
jam B in nuraerum fiaitium », & a produao aufer a, & refidui fecundum 
termmum (nempe -— co utevanefcat, pone = o ; itide- 
que emerget n = 8 1 & erit 8b - A = 3* • - + &c- hoc eft, 8 -~^ 

= a ; errore tan turn cxiftente - &c. 111 exceflu ('). Quod eft theo- 
rem a Hugenianum. 

Infuper, fi in arcus, fagittA At), indefi- 
nite produaA, quaeratur punaum o, a quo 
aaae reage,GB, o*, abfcindanttan|etitem, nt t 
\\ quam proxime squalen arcui ifti ; efto cir- 
ri 4 culi centrum c, diameter ak= </, & lagitta 
/ ad=m\ Et erit db (= 4dx - xx) = Jttt - 

J d- 'L-jL L _a rc . Et AE = Afn:i/M+. 

li.+HL + JiL + & c . Et ae-db: ad: : ai: AG. Quare AO = \d— 
4* — vd +&c. Finge ergo ag = |^- ;x: & viciffim erit do 
W-Wao :db: :da: ae-db. Quare ae-db=™+^ + ^j > +&c. 
Adde db ; & prodit ae = & x\ + - ~[ + Hoc aufer de 

fir' 

valore ipfius ae fupra habito, & reftabit error pj + vel-&c. Quare in 

ag cape ah quintam partem da, & kg = lie, & aaae gbe, cbe abfeiudent 
taiigentem, ue, quam proximo aequalcm arcui n Kb ; errore tantum cxiltentc 
ViltL </j x ^_ ve i _ &c. multo niiiwre icilicet quam in theoremate Huge-, 
nii! Quod fi fiat 7 ak ': 3 ak : : dh i » ; & capiatur kg = ch - », erit er- . 
ror adhuc multo minor. .... « r 

Atque ita, fi circuli fegmentum aliquod, ba^, per Mechameam dedgnan- 
dum eflet : primo reducerem areara iftam in infinitam leriem ; puta aanc? 

it> a = d& - — il - -iL - & c . Dein quaererem conftruaiones me- 

chanicas. quibus^anc'feriem proxime afiequer er ; cujufmodi funt h* : age 
reaam ab, & erit fegmentum b*a = 4 ab+bd x • ad proxime : execute 
fciHcet errore tantum ^*+&c. in defect Q) : vel proximius, erit feg- 
mentum Ulud (bifeao ad in f, & acla vtBk bf) = X +ad ; ex- 

(*) Vide Tom. L p. 3*J» *• ^ y y ? ™ ^ ^XC 
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iftente crrore folummodo jg^V^* + & C C) » 9 UI temper mitior erit qaaai 

T tVj torius fegmenti, etiamu" fegmentum illud ad ufque femicirculum au^ 
geatur. 

Sic & in ellipfi ba£ [vid. fig. precedent.] cujus vertex a, axis alteruter 

010. r I9AK-21AP _ , 

ak, & latus rectum ap ; cape pg = \ ap -j — - x AD. In hyper- 

. ,a iqAK + 2iAP cl o , „ . 

bola vero, cape pg = § ap +- — AK X ad. Jbt acta recta gbe abfcindet 

tangentem ae, quam proxime aequalern arcui elliptico vel hyperbolico A&; 
dummodo arcus ille non fit nimis magnus. 

Et pro area fegmenti hyperbolici b£a ; in df. 

<AD l 

cape md ==. ; & 3d x> SVm erige perpendicula, 

d/3, mn, occurrentia feoilcircuffr^uper diametro 

, r . . 4AN+ k& 

ap defcripto ; errtque ^ ' X 4At> ==rs4iL 

proxime: vel proximuis, erit ^ ■■ X4AD=; 

.b£a> ; ft modo capiatur 051,?= 

Jlfiftola D, Leibnitii ad D. Glcfenburgncn, 27 Atigufti 1676 data, cttmD* 
Newtono communicanda. 

ClariJJimo Viro>T). Henrico 01denburgio,Godefredus Guilielmus Leibnitiu?. 

Literae tuas, die 26 Julii datse, plura ae memorabiliora circa rem ana- 
lyricam continent, quam multa volumina fpifla de his rebus edita. Quare 
tibi pariter ac Clariffimis Viris Newtono ac Collinio gratias ago, qui nos 
participes tot meditationum egregiarum efle voluiftis. 

Inventa Newtoni ejus ingenio digna funt ; quod ex opticis experimenfis 
& tubo catadioptrico abunde eluxit. 

Ejufque methodus hweniendi radices a?quationuni & areas figurartim, 
per feries infinitas, prorfus differt a mea : ut mirari libeat diverfitatem iti- 
lierum, per quae eodem pertingere licet. 

Mercator fi^uras rationales, feu in quibus ordinatarum valor ex datis ab- 
* fciffis rationahter exprimi poteft (ut fcilicet indeterminata quantitas in vin- 
culum non ingrediatur) quadravit ; & ad infinitas feries reducere docuir, 
per divitiones : Newtonus autem, per radicum extra&iones. Mea me- 
thodus corollarium eft tantum do&rinae generalis de Transformationibiis ; 
cujus ope figura propofita quaelibet, quacunque aequatione expKcabihs, 
tranimutatur in aliam analyticam aequipollentem ; talem ut, in ejus ae- 
quatione, ordinatae dimenfio non afcendat ultra cubum aut quadrature 
aut etiam fimplicem dignitatem, feu infimum gradum. Ita fiet ut qusj^ 

(*) Vide Tom. I. p. 385, not. 

* Hie modus tranfmutandi figuras currilmeas in. alias ipfis seqtiales, ejufdem ert generis ctim 
mrtmutatiomhw Barroviams & Gregorianis. Et conicx fetfiones hac methodo femper ad lenei 
wfauitas rexluci jcffiint, per dmfioaw, Generalis tamen son e& Nam fi Curva fit fecund, gene- 
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hit figura, vel per extracYionem radicis cubicae vel quadratieae, Newtoni 
more ; vel etia*m, methodo Mercatoris, per fimplicem divifionem ; ad fe- 
ries infinitas reduci queat. 

Ego vero ex his tranfmutationibus fimplkiffimam ad rem pracfentem de- 
legi Per quam fcilicet * unaquseque figura transformatur in aliam aequi- 
pollentem rationalem ; in cujus aequatione, ordinata in nullam prorfus af- 
cendit po^eltatem : ac protnde fola Mercatoris diviftone per infinitam fo- 
riem exprimi poteft, 

Ipfa porro * generalis tranfmtitationum methodus mihnntrr potilfim^ 
analyfeos cenfenda videtur. Neque enim tantum ad feries infinitas, & ad 
approximationes ; fed & ad folutiones |eometricas, aliaque innumera vix 
alioqui traClabilia, infervit. Ejus vero fundamentum vobis candide hbere- 
que fcribo; perfualus quae apud vos habentur prpeclara, roihi quoque no»» 

denegatum iri. • . . 

Tratisfbrmatfohls fundamentum hoc eft: ut figura propofita refctis m- 
aumeris utcunque, modo fecundum aliquam regulam five legem dttftis, re- 
folvatur in partes ; quae partes, aut aliae ipfis aKjuales, alio fitu ahave for- 
ma reconiunftae, aliam componant figuram priori aequipollentem, leu 1 ejui- 
dem are«, etfi alia longe figura conftantem. Unde ad quadraturas ablolu- 
tas, vel hypotheticas, Geometricas, vel ferie infinitl expreflas, Arithmeti- 
cas, iamiam multis modis perveniri poteft. 

Ut intelligatur; fit figura aqcda. Ea, duais reftis bd parallel* , re- 
folvi poteft in trapezia 1 bid, 2 b 3 d, &c. Sed, dudlis reOis convergcntibu* 
ed, refolvi poteft in triangula EID2D, E2D3D, &c. 

T A 



S33 






5 0 






c 




p 



"•..2N 



Si jam alia fit Cum Aiwp; cujuurapez/m, 1B2F ,2B 3 f, ^ 'f^f* 
EiD2D,E2D 3 D, ordine refpondentibusaequaha; tota figura A 6 3 D2DiDA, tot! 
figure aif2f 3 f 3 ba eritaequalis. { , 

Quinetiam trapezia trapezia con ferendo fieri potelt at ■ 1 
codan redit, reianguium rK2P,,lit eequale trapezio «g«ndenti B-t 
fiveredangulo rB^ftametfi reaa INJP non ^^^ ual, ^ftVnctcft 
fit IN2N ad IB2B ut ibid ad inip; quod infimtis modi her 

Qua, omnia tafia funt, ut cuivis 
duct in mentem veniant ; contineantque : mdwrfibihum .^^S^ 
raliflime conceptam, nec, quod fciam, hadenusfatis Ul,, ^ rf ^ n ^"^ 

ris, mctdetur in xquationem quadraticam j fi tertii generis, ^^'^ J,^' " pi ni- 
cularibus. Per extraaiooes vero radicum prablemata tcc^i fuhur. ur, ao I 



nibus. 



tarn. 
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tarn. Non tantum enim parallel* & convergentes, fed & ali* qujecunaih. 
certl lege dudie, redlae vei curvae, adhiberi poffunt ad" refolutionem 
Quanta autem, & quam abftrufa, hinc duci poftint, judicabit, qui method! 
univerfalitatem animo erit complexus. Certum enim eft omnesquadratu- 
ras, ha&enus notas, abfolutas vel hypotheticas, nonnifi exigua ejus fnecf 

Sed nunc quidem fuftecerit applicationem oftendere ad id, de quo agitur * 
feries fcilicet infinitas, & modum transformandi figuram datatn in aliam 
aequipollentem rationalem, Mercatoris methodo tra&andam. 

AQ£A fit quadrans circuli: radius AQj=r: abfcifla aib—x: ordinata 
iBiDz=y ; aequatio pro circulo zrx- x* =y\ Ducatur re£a aid ; pro- 
ducaturque, donee ipfi qc etiam produ&ae occurrat in in : et qjn vocetur 
%. Et* erit A ib, feu = ct ibid, fivcj^ Eodem modo, 

dufta A2D2N; fi Q3.N = *-&.. pofita fcilicet in2n=/2 : er it A2B =' 

r\ + ~/S 2ze + $ y & A2B-AIB, five «&a IB2B, erit — ^_--!^. 

Sive, pofiti d infinite parvS, poft deftruftiones & divifiones, erit iB2B = 

TA 




■=^r. Habita ergo redti ibid, & re&a ibib, habebitur valor redlanguli 
ID2B, multiplicatis eorum valoribus in fe invicem ; habebitur inquam 
pro valore re&anguli ID2B. 
Sit jam Curvae 1P2P3P, &c. natura pro arbitrio aflumpta talis, ut ordi- 
nata ejus 1 nip, ex data abfcifll ojn five z, fir --- -- Ideo quoniam 



iN2N='/3, erit re&angufum IP2V, etiam : ac proinde sequale. 

rectangulo 1D2B: & fpatium IPIN3N3P2PIP aequale fpatio circulari re- 
fpondenti IDIB3B3D2D1D. Eft autem quselibet ordinata np rationalis, ex' 
data abfcifll qn ; quia, pofita o$=z, ordinata np eft -^SU £ ve 



r- +3^a ; + irv+a fc * ^rgo ip& P^ infiiiitam feriem integrorum exprimi po- 
teft, dividendo. Et fpatium talibus ordinatis comprehenfum, sequipollens 
circulari, lnfimta fene numerorum rationalium, methodo Mercatoris qua- 

* N. B. Leibnitius hanc methodum vuljjari more prolixin hie eiponit, quam wialjfi* 4 M 
nova paucu exiuberc potutfet , ideoque anal, fin illam novam nondum mveuerat. , . 

7 dran 
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drari poteft. Quod cum facillimum fit facere, hie omitto. Nequeenim 
elegantiae fuae, fed methodi generalis explicandae cau(a, hoc exemplum af« 
fumpfi. 

-■ Ita fiquis ldco circuli mihi dediffet Curvam, in qui ordinata afcendiflet 
ad gradum cubicum; potuifiem earn reducere ad Curvam, in qua ordinata 
non aflurrexiflet ultraquadratum, vel etiam ne quidem ad quadratum. 

Itaque Temper, five extradtionibus radicum Newtouianis, gradus cujufli- 
bet dati, vel divifionibus Mercatoris, poterit cujuftibet figurae fpatium in- 
veniri, interventu alterius aequipollentis. Multum autem ad fimplicitatera 
intereft, quid eligas. 

Omnium vera poffibilium circuli, & fedoris conici centrum habentis 
cujuflibet, per feries infinitas quadraturarum, fimpliciflimam hanc effe di- 
cere aufim, quam nunc fubjicio. 

Sit OA if, [vid. fig. precedent.] fe£tor, duabus redlis in centro o»con- N° Lit. 
currentibus^ cc.curva conica a if, ad verticem a five axis extremum perve- 
niente, comprehenfus. Tangenti verticis, 4 t, occurrat tangens ift. Ip- 
ium at vocemus /; & reflaiignlum fub femi-latere redo in femi-latus 
tranfverfum fit unitas. . Erit * fe£tor hyperbola?, circuli vel ellipfeos, per 

femi-latus tranfverfum divifus, =-^^+^=4='- &c. Signo ambiguo =s= 
valente + in hyperbola, - in circulo vel ellipfi. Unde, pofito quadrato 
circumfcripto r , erit circulus -f - f + j - y &c. Quae expreflio, jam tri- 
ennio abhinc, & ultra, a me communicata amicis, haud dubie omnium pot- 
libilium fimpliciffima eft, maximeque afficiens mentem. 
Unde duco Harmoniam fequentem * ; 

l + i + TV + i + lT + ^+eV + ^ + ^ + ^-^—V 

4- JL rrr tV tV &C. = J 
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Ubi- j + 77 + w &c - exprimit aream circuli ABCn ; 
& I + » +T i_ &c. aream hyperbolae aequilater* 
BCEF, cum fit bc dupla ipfius ef, & quadratum in- 
fcriptum =i. Numeri 3, 8, 15, =4, &c. iuiu 
quadrati unitate mmuti. 

Viciffim, f exferiebus regreffiram, pro hyperbola 
hanc inveni. Si fit nuracrus aliquiff unitate minor 
I -m, ejufque logarithmus hyperbohcus /: erit 
_£.__£_ j il £ ■ &c. Si nume- 



m =- 



- + - a 

fit majornnitate, ut 1 +«; JuVc pro eo inv^kndo mihi etiam % pro- 
diit regula, qu^ in Newtoni epiftola exprelfa eft; fcilicet erit n — -- + 



1 x a x 3 x 4 



* Vid. pag. 506, iin. io, & pag. 519, ln>. ?• 
\ Vide Adta Lipfka Feb. 1^. 
\ Vid. not. pag. 5*8, 
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rk +7zhr 3 + r 'x 2 !4 x 3 x4 &c * Prlor tam€n celerl{is appropinquat. Ideo- 
que effieio, uteil pbflim uti, etiam cum major eft unitate humerus 
Nam idem eft logarithmus pro i + n & pro Unde, fi i +«'fit ma- 

for unitate, erit — minor unitate. Fiat ergo t + ac inventa 

fc I -J" " I "T ?i 

■m, habebitur & i-f-«numenis quaeikus. 

Quod, regreflum ex arcubus attinet *, inckleram ego dke&e in regulam, 
quae ex^dato arcu ftium complement! cxhtbet. Nempe, fimis comple- 
ment! = i - — +- — &c. Sed poftea quoque deprehendi, ex ea 

illam nobis communicatam, proinveriiendofiiiure^ro, qui eft — - " + 
7 * 7 * 11x2x3 

,.u:x^x 4 x 5 &c - P offe demonftrari. 
Quod tribus verbis fic fit. Summa finuurn complement ad arcum, feu 

omnium 1 — H ~ — - &c. eft — — — ■ * - ■ H — J * „ • ■ &c. Por- 

1X2 1x2x3x4 1 1X2X3 1X2X3X4X5 

10, fumrna firmum complementi ad arcum, feu arcui in locis debitis infif- 
tentium, sequatur finuj iecl»-du^:-o in radium, irt nrtnm eft geometris; 'd 
eft, aequatur ipfi finui redo; quia radius hie -eft uuitas. EfgQ finas rec- 
tus y -7^7+ Ii< 2 ^x4xf t&c - H * nc etkm, ex dato arcu 1 & radio, 
fineifllli iprorftts alicirum notstia, haberi poteft area fegmeriti circularis du- 

plicati: qu« eft 7^ " .X^^X; + , x ,* 3 x*k 5 *6x 7 &C ' ' Unde 
optime fegmentoruni tabula ad gradus & minuta, &c. .calculabitur. 

Pro trigonometricis autem operationibus, percommoda mihi videtur 

haec expreffio: ut finus complementi, c, ponatur = j - ^ + 71TIxlx4 ; 
quoniam fola, memoria retenta, omnibus cafibus & operationibus, di- 
rects fcilicet fimul & reciprocis, fufficit ; quod ideo fit, quoniam aequatio 
c= 1 — ^-+^- eft plana. Unde fi viciffim quaeras arcum ex finu comple- 
menti, radix extrahi poteft; adeoque ftet arcus ==>/r5 — V24.' -f- 1 ^ ex " 
a&e fatis ad ufum eprum, qui in itineribus tabukrum commoditate carent ; 

quia error aequationis non eft — . 

Innumeraalia poftentdici, quae his fortafie elegantia & exa&itudine non 
eederent. Sed ego ita fum comparatus, ut plerumque, methodis generah- 
bus dete&is, rem in poteftate habere contentus, reliqua libenter aliis rehn- 
quam. Neque enim ifta omnia magnopere 'aeftimanda funt, nifi qudd ar- 
tem inveniendi perficiunt, mentemque excblunt. Si quae obfeuriora vide- 
huntur,..ea libenter elucidabo: et illud quoque explieabo, qubmodo hac 

^ ^ methodo 

* N. B. Methodum perveniendi ad has feries Leibnitius I Newtono jam modo acceperat, 
que ex ipfius rogatu. Imo feries ipfas a Ngwtonc, uni cum mfithodq perveniendi ad caftkra jam 
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methodo aequationum quoque utcunque afFedarum radices per infmitatn 
ieriem dari poffint, line uliii extractione ; quod mirum fortafle videbitur. 

Sed defideraverim, ut Clariffimus Newtonus nonnulla quoque amplius ex- 
plicet ; ut originem theorematis, quod initio ponit : item, modtim quo. 
cuantitates f> t q, r, in fuis operation ibus inveuit : ac denique, quoinodo in 
methodo regreffuumfegerat; ut cum ex logarithmo qiuerit nuuierum. Ne- 
que enim explicat, quomodo id ex methodo i'ua derivetur. 

Nondum mihi licuit, ejus lkeras, qua merentur diligentia, legerc : quoni- 
am tibi e veftigio refpondere volui. Unde non fatis nunc quidem aflirmarc 
aufim, an nonnulla eorum qua; fuppreflit, ex fola earum le£tione coniequi 
pofl'um. Sed optandum tamen foret, ipfum ea potius fupplere Newto- 
num : quia crcdibile eft, non pofle eum icribere, quin aliquid Temper prae- 
clari nos doceat, ut apparet, egregiarum meditationum plenus. 

Ad alia tuarum literarum venio; quae dottiffimus Collinius communi- N° LHI. 
care gravatus non eft. Vellem adjeciflet approp'mquationis Gregorian;c li- 
nearis demonftrationem. Credo tamen aliam haberi funpUciorem, etiam 
in infinitum euntem ; quae fiat fine ulla bile&ioue anguli ; imo fine fup- 
pofita circuli conftruclione ; folo reclarum dudu. 

Vellem Gregoriana omnia confervari. Fuit enim his certe ftudiis pro- 
movendis aptiflimus : caeterum ejus demonftrationi editas, de impoffibilH 
tate quadrature abfolutae circuli & hyperbolic, multa haud dubiedefunt. 

De aequationum radicibus iurdis* generalibus inveniendis ; five, quod 
idem eft, tollendis aequationum poteftatibus intermediis, multa & ego mc 
ditatus fum; & jam vere anni fu periods, fpecimina Hugenio communica- 
veram regularum Cardanicis iimii'mm. Seriem enim habebam ejuimodi re- 
gularum in infinitum euntem ; in quibus & Cardanica coiitinebatur. Sed 
ultra gradura cubicum non eraut generales. Perfpexi tamen mde veram 
methodum progrcdiendi longius. Quamquam multis adhuc opus fit am- 
bus, quas excutiendas libenter ingeniofiffimoTfchurnhauiio relmquo; qui 
hie ad eadem quae ego habebam fpecimina, imo & aha praeterea, etiam de 

^Erikqua Collinius ait de Gregoriana methodo, difficile non fuit nobis 
certo divinare, in quo confiftat ejus fubftantta. ■„>•*• 

Imaginariarum quantitatum, in realium radicum expreffiones mgred.e i- 
tium, fublationem fruftra putem fperari, imo qusn. Neque emm, he 
ullo modo vel calculis vel conftruetionibus obfunt : et verae realefqu^ , funt 
quantitates, ft inter fe conjunguntur, ob deftru&ones virtuales. Quod 
multis eleeantibus exemplis, & arguments, deprehendi. > 

Exempli gratia,. ^^7^- 3 = V6 1 Jto ? fi emm «c 

que ex binomio ^^^^^u^ 
hetur ; nec proinde fic deftruetur imagmana v 3 1 pp . ... 

deftrufta effe'virtualiter , quod appareret f, fi- pofe ^ Atj 
tamen via h*c fumma repentur (He A Unde in cumc • . 

realitas ejufmodi formularum, t«nc dm extraftio a tongulo buomus 

.Co a ccep« m , U pro ^ - «■"" 5 ^ 

kccepnim f.,bd«xit a radio, ut habere: finum comptementi. nequit, 

Vol. IV. L l l 
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nequit, ad oculum oftendi non poteft, mente tamen intein<*i*tur. Qy are 
fruftra Cartefius aliique exprefliones Cardanicas pro particulaTibus ha&re 
■Siquispoflct mvenire quad rat u ram circuli & epis partium, ex data hyperl 
bolae & ejus partium quadratura, is poflet eas tollere ; modo in ipfimqiui- 
draturam imaginariae illae rurfus ingrediantur. * 
Caeterum ex illis, quas habeo, nieditationibus circa radices sequationum 
irrationales, neceffario fequitur res fatis paradoxa : fcilicet omn.es ;equa- 
tiones gradus oclavi, noni, decimi, pofiead gradum feptimum reduci 1 Ita~ 
que & omnia problemata, ad decimum gradum ufque occurrentia, poffunt 
ad feptimum deprimi. 

# Horribiles calculi fubeundi erunt illi, qui in hoc argumentum velut per 
vim irrumpetj fed facil'imi, ipti qui ante meditabkur :: cum,, ut praevideo, 
ipfa natura rei ducat ad compendia quaedam, per quae fpeseft calculi mag* 
nam partem abfcindi.; remque elegantibus artificiis, ingenii potius vi quam 
calculi labore, tranfigi pofle. 

Sedfiquis laborem non fubterfugeret, cum docere poflum methodum. 
analyticam generalem infallibilem, per quam omnium aequationum ra- 
dices generates in venire liceret. 

Verum meliora illis propoherem agenda, qui calculo deteaarentur. Con- 
fihum enim habeo tabularum analytiearum, quas non minoris future ef- 
fent ufus m Analyfi, qnam tabulae finuum in Geometria Pra&ica ; imo, ar- 
bitror, qui paulum in iiscalculandis ver fetus lit, eum progreflkmes reper- 
turum in infinitum, quarum ope magna tabulae pars line labore cotitinuarL 
poflit. Nihil eft, quod norim, in tota analyfi momenti majoris. Nam in 
his tabulis pleraque problemata ftatim foluta habercntur, aut levi opera 
poflint inde deduci. 

Pendet negotium ex re longemajorc ; arte fcilicet combinatory generali 
ac vera. Cujus vim ac poteftatem nefcio, an quifquam ha&enus fit confe- 
quutus. Eavero nihil diftert ab analyfi iM fuprema, ad cujus intima, 
quantum judicare poflum, Cartefius non pervenit. Eft enim, a"d earn con- 
ftituendam, opus alphabeto cogitationum humanarum. Et ad inventioncm 
ejus alphabeti, opus eft analyfi axiomatum. Sed non miror ifta nemini 
latis confiderata : quia plerumque facilia negligimus ; & multa, quae clara 
videntur, aflumimus. Quam quamdiu faciemus, nunquam ad illud per- 
vememus^ quod mihi videtur in rebas intelleaualibus lummum; nec ge- 
nus calculi, etiam non-mathematicis accommodati, obtinebimus. 

Optanm CI. Pellium generalia fua meditata, & illud fpeciatim, quod 
memora?, Cribrum Eratofthenis non fupprimere. Nam etfi omnia forte, 
quae deftm&rat, non abfalverit; meditata tamen ipfa, & confilia, egregiorum 
virorum non pei ire, publici intereft. Utilia quoque f utura funt, quae de ii- 
liuum tabula ad aequationes accommodanda habet. Item de Jimitibus, & 
radtcibtis. 

_ Quod dicere videmini, plerafque difficultares, exceotis problematibus 
Diophantans, ad feries iuhnitas reduci ; id mihi non videtur. Sunt enim 
multa uique adeo mira & implexa, ut neque ab sequationibus pendeant, 

neque 



E P I S T O L I C U M. 

neque ex quadraturis. Qualia funt, ex multis aliis, problemata * metbo- 
di tangentium inverfae ; quae etiam Cartefius in poteftate non efle taf- 
i'us eft. 

In Tomo HI Epiftolarum, una habetur ad Beaunium; in qua, ad pro- 
pofitas a Beaunio, Curvas quafdam in venire conatur ; quarum una eft ludus 
naturae : ut intervallum inter tangentem, ad[axem] directricem ufque pro- 
•duaam, & ordinatina-applicatam ex Curvu addiredtricem, fit femper idem ; 
reda fcilicet conftans. HancCurvam nec Cartefius, nec Beau ni us, nec quif- 
quam alius, quod fciam, invenit. Ego vero qua primum die, imo hora, 
caepi quaerere, ftatim certa analyfi folvi. Fateor tamen nondum me, <quic- 
quid in hoc genere defiderari poteft confecutum : quamquam maximi mo- 
menti efle fciam. Ac de his quidem nunc latis. 

Ego id agere conftitui, ubi primum otium naftus ero, ut rem omnem 
mechankam reducam ad puram geometriam ; problemataque circa elateria, 
& aquas, & pendula, & projeaa, &Solidorum refiftentiam, & frafliones, 
&c. definiam. Quae haaenus attigit nemo. Credo autem rem omnem 
nunc efle in poteftate ; ex quo circa regulas motuum mihi penitus perfeais 
demonftiationibus fatisfeci ; neque quicquam amplius in eo genere delidero. 
Tota autem res, quod mireris, pendet ex axiomate metaphyfico pulcherri- 
mo ; quod non minoris eft momenti circa motum, quam hoc, totum ejje 
majns parte, circa magnitudinem. 

De centro-baricis quoque, fingularem quendam aditum jepen ad novas 
ac plane a prioribus diverfas contemplationes, in Geometria panter ac Me- 
chanica magno ufui futuras. H*c ubi (Deo volente) abfolvero, reliquum 
temporis, quod fcilicet philofophicis meditationibusdeftinare fesent, natu- 
rae indagationi debeo. 

.Tfchurnhaufius proximo tabellione fcribet. 

Excerbta ex Mold D. Ehrenfried de Tfchurnhaufe ad D. Oldenburgum, N * LIV. 
Parifiis i° Septemb. 1676 data-* cujus txtat exemplar manu D. Colhms 
defcriptum. 

Expeflabam cum defiderio refponfum, cum aliquot abhinc menfibus ad 
te H™eas tranlmiferam ; fed nec ex modo dat.s colhgere beet, has re- 
cep as fuifle. .n.erim admodum obleftatus fu, ; h.fce c-Jjoflta ,« 

WbnUiu. circulum imo ^^l^^ZZ^Z 

tangentium inverfae-ab aquatiombiw inn pent.erc eoificHs, cum D- Leibnitio coaimuni- 

t Annon D. Tfchurnhaufe vitierat execrpta ex Gnrgo ■ P ? 
J, , ubi habetur ferks Gregorii, quam U.bm W h.c mou.t . p g . 

L z 1 2 
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nem, nunquam vifum in ; quique hlfce porro infiftens, gencratem zdlm 
nit methodum figuram quamvis datam in talem rationalem tranfmutanrT* 
quasperfolum inventum (admodum prseftans meo judicio> D Mercat * 
ad feriera infinitam pofiet reduci. Sed hae de materia", cum iptenon > 
pndem mentern fuam declaravit, non opus eft ut prolixior fim. Verum 
ut ad fpecimina perquam ingeniofa D. Newtoni revertar hsec non potue^ 
non mini placere j tarn obutilitatem, qui fetara late ad quarumvis quau*: 
latum dimenfiones, ac sik difficilia enodanda ki matliematieis extendunT 
<juamobdeduaionemharum, h fundamentis non minus generalibus q 0a m 
ingemofis, derivatam ; non obftante quod exiftimem, ad quantitatem quam 
vis ad infinitam fenem aequipollentem reducendam, fundamenta adhuc din 
& fimphciora & univerfaliora, quam funt fradtionum & irpationalium re- 
dadioad tales feries, ope divifioms aut extra&ionis ; quae mihi tale quid 
non nifi per aecidens praftare videntur : cum bac fuceeflum quoque ha- 
beant, licet non adfmt fracUroes aut irratbnales quan-ritates. Similia porro 
qua- in hac re praeftitit eximius ilie geometra Gregorius, memoranda certi 
iunt; & quidem optime famae ipiius confulruri, qui iprW reliaamanu- 
lcnpta luci publicae ut exponantur operam navabunt. 



N° LV. 



Epijlote D. Newtoni pqfterior, ad D. Olclenburgnm, O&ob. 24/ 
1676 data, cum D. Leibnitio communicanda. 

Vir Dignffime, 

2o™J. c ^1^ A< T 1 v ?. ,u P tate fegiepiftolasdarifEmorum virorum D. Leibnitii 
oi U. 1 ichurnhauisi, vix dixerim. 

Perdegans fane eft Leibnitii methodus perveriiendi ad feries conversentes : 
& iatis oitendiffet mgemum authorrs, etii nihil aliud fcripfiftet. Sed qux 
alibi per epiftoiam fparfit, fuo nomine digniffima, effidunt etiam, utabro 
iperemus maxima D^eriitas modorum, quibus eodem tenditur, eo magis 
piacuir, quod mihi tres methodi perveniendi ad ejufmodi feries innotue- 
rant ; adeo ut novam nobifcum communicandam vix cxpeclarem. 

Unam e rtets pnus defcripfi : jam addo aliam ; illam feilket qua pri- 
mum incidi in has feries Nam incidi in eas, antequam fcrrem diviiiones & 
extractives rachcum, quibus jam utor. Et bujus exphcationepandendurn 
eft fundamentum theorematis, fub initio epiftol* prions pofiti, quod D. 
Leibnitius a me defiderat. 1 

Sub initio ftudiorum meorura mathematicorum, ubi incidenun in * 
Upera ce ebernmi WaJlilii noftri : con fiderando feries, qnarum intercalation* 
ip* exiiibet a ream circuli & hyperbolae ; titpote quid in ferie CWarum, 
9^£l m J»gs feu axis communis fit & ordinatim applicat* T-xxh 
1 «M-^.i-wl'r, ^r.^Z^}K &c. fi arese alternarum, quae funt 

*~jx\ Ar-fr' + iv 5 , ar-^' + l^-^' & c . i nte rpolari poflbnt; ha- 

«^». ,dC D * W5!,ifl ' 3ri:hl " akaa3 "'fini'oruoi, Prop, cxvin, cxxi, ejufiiiie algebram, Cap. 

beremus 
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beremus areas intermediarum, quarum prima, 1- xxft, eft circulus : ad has BtrteuK 
interpolandas notabam, quod in omnibus, primus terminus eflet x; quod- POSTER,OR ' 
que fecundi termini, jx\ jx*, fa?', &c. effent in arithmetic^ progref- 
fione ; & proinde qudd duo primi termini ferierurri intercalandarura debe- 

rent efle x - x - ~, * - &c. 

3 . 3 3 v 

Ad reliquas intercalandas conliderabam, quod denommatores, 1, 3, 5, 7, 

&c. erant in arithmetica progreffione ; adeoque folae numeratorum coeffi- 
cientes numerales effent inveftigandae. Hae autem in alteriiis^ datis areis 
erant figure poteftatum numeri undenarii ; nempe n°, u 1 , n 3 , 11*. 
Hoc eft, primo 1 ; deinde 1,1; tertio i, 2, 1 ; quarto 1, 3, 3, i; quinto 
4> 6, 4» 1, &c. . . . : 

Quserebam itaque, quomodo in his feriebus, ex datis duabus pr imis n- 
guris,, reliquae derivari poffent. Et inveni, quod pofita fecunda figura w, 
reliquae producerentur per continuam multiplicationem terminorum hujus 

fenei, - — X X X — -X &c. 

2 3 4 5 . m-t 

Exempli gratia. Sit terminus fecundus m = 4 5 & erit4X— , hoc 
eft 6, tertius-terminus ; & 6" x^, hoc eft 4, quartus; &4X^~, hoc 
eft 1, quintus ; & 1 X— + , hoc eft o, fextus; quo feries in hoc cafu ter- 



s 

minatur. 



Hanc regulam itaque appiicui ad feries interferendas. Lt cum pro cir- 
culo fecundus terminus eflet ^, pofui m=\ : & prodierunt termini \ X 



\five-i; -ix^nve+^; + ^x^, nve-^; & fie in infi- 
nitum. Unde cognovi, defideratamareamfegmenti circulars effe — 

« * _ ty* rn fee. 

S Et eldem ratione prodierunt. etiam interferendae areaereUquarumCunra- 
rum : ut & area hy perbola e, & caterarum alternarum in hac lene; 1 +**, , 

^adel^raS^ 

pluriumve terminorum hmul defacientium... m mpmor :| f ane ' 

Hie fuit primus meus ingreflus in , 
exciderat, nil! oculos in adverfana quaedara, ante paucas F 

tuliflem. . -ri? riTTl'. 

Ubi ver6h^c didiceram ; mox confiderabam terminos 1 ~~ ' ^x* v 

tr^]\ JZ^l\ &c. hoc eft 1, 1 -**>Zr;**+*£ s : 3 & It&oc nC 

&c. eodem modo interpolari poffe, ac areas ab ipfis generata s , . ^ 

hil aliud requiri, quam o^mden^W^ q^ntitatW. 

minis exprimentibus areas; hoc eft, coeftcientes tenn n 

intercalaL 1^, vd vel generahter 7^ , proo^ 
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aooIdIiJ cont » nuan!l multiplicationem terminorum hujus feriei mx-~~ J 



ar-3 
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&c. • 

4 _ 

Ade oque (exempli gratia) I - xxfi, valeret i -jx : - jx*-—^ & c . Et 
7^3* valeret i -|^+f x* +T V.v e &c. Et FT^U valere \ , / 

Sic itaque innotuit mihi generalis reduaio radicalium in infinitas feries 
per regulam quam pofui initio epiftolae prioris, antequam fcirem extrac' 
tiones radicum. 

Sed hac cognita, non potuit altera me diu latere. Nam ut probarem 
has operationes, multiplicavi i-\x*~ \tf _ -L** Sec. in fe ; & fadum eft 
i terminis reliqms in infinitum evanefcentibus per continuationem 
feriei. Atque ita i-Jxx- ~x* - &c. bis in fe duftum produxit i - xx. 
Quod, ut certa fuent harum conclufionum demonftratio, fic me manu- 
duxit ad tentandum e converfo, mira hae feries, quas fic conftitit effe ra- 
dices qimntitatis i -xx, non poffent inde extrahi more arithmetico. Et 
res bene fucceffit. Operationis forma in quadraficis radicibus hase erat. 
I -xx (i &C. 



O - XX 

-XX + jX* 

.Hisperfpedhs, neglexi penitus interpolationem ferierum ; & has opera- 
tiones, tanquam fundamenta magis genuina, folummodo adhibui. Nec la- 
tuit redu&io per divifionem ; res utique facilior. 

Sed & refolutionem affeftarum aequationum mox aggrefliis fum ; eamque 
obtmui. Unde fimul ordinatim applicatae, fegmenta axium, aliaeque quae- 
hbet re&ae, ex areis Curvarum, vel arcubus, datis innotuere. Nam regref- 
fio ad haec nihil indigebat praeter refolutionem aequationum, quibus areae, 
vel arcus, ex datis re&is dabantur. 

Eo tempore peftis ingruens [qua contigit amis 1665, 1666] coegit me 
hmc fugere, & alii cogitare. Addidi tamen fubinde condituram quandam 
, loganthmorum, ex area 1 hyperbolae, quam hie fubjungo. 

Sit 

* Mathematici priores invenerunt hoc theorema, quod fumma terminorum progreffonh geome- 
mc* tn tnfimtum pergmtts, eft ad terminorum primum V maximum, ut hie terminus ad Jifer*- 
mJ« term :" 0rum Primorum (»). Idem demonftratur arithmetic^, multiplicand extrema l 
w!Tri DetQ0I ^ avit WallifiuB, dividendo reftangulum fub mediis per extremum ultimum. V.de 
Walhiu opus amhroeUcum anno 1657 editum Cap. xxxm. § 36. Per Wallifii divifionem Merca- 
tor demonftravit, & auxit quadraturam hyperbola, .J D. Brounkcr pri«s inventam. Et Gregonu* 

(«) Vi4e Tom. I. g. z6i, uot. ^ 
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Sit dfD hyperbola, cujus centrum c f vertex f,»«owm 
& quadratures interje&um cafe =1. hi ac cape f0ITttl0 *' 
ab, Ab hitic inde = ts feu o.l : et, creftis per- 
pendiculis, bd, ad hyperbolam termiuatis, erit 

femi-ftmrna fpatiorum ad & Ad = 0,1 +'^^ + 
+ — &c. & femi-difterentia = — -f 

5 7 * 

— v-.-n jTpri — " 0.0001 0.000001 0.00000001 e _ 1 n /• 

C o*\B J>ap —~ + — - — + — &c. Quae reduas fic 

fc liabent, 

o. 1 oooooooooooo 0.0050000000000 
3333333333 250000000 
20000000 1666666 
142857 12500 

UT! IOO 

0 I 

O.1OO3353477310 O.OO50251679267 
Horum fumma 0.1053605156577 eft Ad; & differentia 0.0953 101798043 
eft ad. Et eadem ratione pofitis ab, a£ hinc inde = 0.2, obtinebitur 
Ad =0.-2231435513142; & ad = 0.1823215567939. Habitis fic loga- 
nth mis hyperbolicis fiumerorum quatuor decimalium 0.8, 0.9, 1.1, & 

i-2 : cum fit X— = 2 ; & 0.8 6c 0.2, fnit minores unitate : adde lo~ 
0.8 0.9 ' 

garithmos eorum ad duplum logarithmi 1 .2, & liabcbis 0.6931 471 805597 

logarithnium hypcrboticum numeric. Cujus triple adde log. 0.8 (fiqui- 

dem fit ~ ~~ = 10), & habebis 2.3025850929933 logarithmum numeri 
10: indeque per additionem fimul proefcunt l<»garithmi numcrorum 9 & 
1 1 ; adeoque omnium primorum horunv2, 3, 5, 11, logarithmi in pfomp- 
tu funt. Infuper, cx tola dcpreffiotie numcrorum fupcrioris computi per 
Joca decimalia, & addltione; obtinentur logarithmi ckcirnalium 0.98, 0.99, 
lot, 1.02 ; ut & horum 0.998, 0.999, 1.001, t .002. Et inde, per a<Wi* 
tionem& fubduftionem, prodeunt logarithmi primorum, 7, 1^, 17, 37, 
Qui una cum fuperioribus, p:r logarithmum numeri w divili, evadimt 
veri logarithmi in tabulam inferendi. Sed hos poflea propiiis obtinui ('). 

Pudet dicere, ad quot figurarum loca has coinputatiotie^, otiufm §o tefli* 
pore, produxi. Nam tunc fane nimis dekftabar inventi* hifcc. Sed ubi 
prodiit ingeniofa ilia *i\icolai Mercatoris Logarithmoreclinia (quern fup- 
„ ™ n i ^ mimic mrare : fuiDicatus, vel cum 

nof" 

tern, divinoiie patefacla, 
mature ad fcribendum. 

idem demonftravit geomer.icc. Sed horum *>mo mrtnodum V™*^*"^: Z 

acuriffiBHH & litem Colih«i n<4mon ; .twi, vix tand«m «ws. Ht*<*ny«™^<«* 
aem ferkrum, & poika divillwibus & extraction ibui rad^w, ut Mrt«*i!«*, «W *** 

C) Vide Geometriam Ai: Jvtic?ii , C ip.ix§ 36—48. y- 
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»• Eo ipfo tamcn tempore quo liber ifte prodiit, communicatum eft 
1 " amicum D. Barrow, tunc Mathefeos profeflbrem Cantabrigia?, cum D CI 
linio *, compendium quodd am methodi harum lerierum ; in quo nV? 'a 
veram areas & ldngitudines Curvarum omnium, & Solidcrum iiioerScia* 
contenta, ex datis redis, & vice veril, ex his datis redas determinari 
.pofle ; &^methodurn ibi indicatam illuftraveram diverfis feriebus. 

Suborta deinde inter nos epiftolari confuetudine ; D. Collinius vir in 
rem mathematicam promovendam natus, non deftitit fuggerere, ut hie pub- 
lici juris facerem. £t ante annos quinque [1671], cum fuadentibus amicis 
confihum ceperam edendi tradatum de refradione lucis, & coloribus, quem 
tunc in promptu habebam ; coepi de his feriebus iterum cogitare; & 
tradatum f de iis etiam conferipfi, ut utrumque fimul ederem. 

Sed, ex occafione telefcopii catadioptrici, epiftola 1 ad te mifla, qui brevi- 
ter exphcui conceptus meos de natura lucis; inopinatum quiddam etFecit ut 
mei mterefie fentirem, ad te feftinanter fcribere de impreffione iftius epif- 
tolae. Et fubortas ftatim, per diverforum epiftolas objedionibus aliifque 
refertas, crebrae interpellationes me prorfus a conlilio deterrqerunt ; & ef- 
fecerunt, ut me arguerem imprudentiae, quod umbram captando, eatenus 
perdideram quietem meam, rem prorfus fubftantialem. 
ti S " b J: o , tem P 0re Jacobus Gregorius, ex unica 1 quadam ferie e meis,quam 
D. Collimus ad eum tranfmiferat, poft multam confiderationem, utadCol- 
.Jinmm refenpfit, pervenit ad eandem methodum ; & tradatum de ea reli- 
quit, quem fperarmis ab amicis ejus editum iri. Siquidem, pro ingeuio quo 
pollebat, non potuit non adjicere de fuo nova multa ; qua? rei mathematics 
mterelt, ut non pereant. , 

Ipfe autem tradatum meum non penitus abfolveram, ubi deftiti a pro- 
pofito ; neque in hunc diem mens rediit ad reliqua adjicienda. Deerat 
quippe pars ea, qua decreveram explicare modum folvendl problemata, qua? 
ad quadratures reduci nequeunt ; licet aliqu id de fundamentis ejus pofu- 
lliem. Casterura in tradatu ifto, feries infinitae non magnam partem ob- 
tinebant. & 1 

, Alia haud pauca congefli- inter quae erat methodus ducendi rangen'tes, 
.quam lolertiflimus Slufiusante annos duos trefve tecum communicavit ; de 
.qua tu, fuggerente Collinio, refcripfifti, eandem t mihi etiam innotuifle. 
Diveda ratione in earn incidimus. Nam res non eget demonftratione, 
prout ego operbr. Habito meo flindamento, nemo potuit tangentes aliter 
ducere, nifi volens de reda via deviaret. 

Qumetiam non hk hasretur ad aequationes radicalibus, uriam vel utram- 
que indefimtam quantitatem involventibtfs, utcunque affedas; fed abfque 

aliqua" 

' ♦ Huhfs^raftal 2 !^' ^P 1 * 0 *" f«pi* impreffam, de qua vid. pag. p;S<* 

I vt?^!,™' ^^Vain.prfeflam, pag . JI0 ; 
W/2. Prior' DaTnrX™,- IT"**"' I™"' 2 '*'" inmteentea**;™* in-venirei 

■ nuratam * Nam tcrminui fccundils binomii fit momentum tcr- 



?iliqu^ talium sequationum fedudione, quae opus pleromque rtdderet im- »*««^« 
:itjenfum, tangens confeftim ducituf. Et eodem modo fe res habet i u ' B * T *^««' 
quaeftionibus de Maximis & Minimis ; aliifque quibufdam, de quibusjam 
Hon loquof. 

Fund^mentwn harum o^rationum, fatis x)bviuiri »quidem, <|uoniamjam 
lion poffttm expltcatbnem ejus profequi, fic potius celavi § taccdatp 

Hoc fundamento conatus fum etiam reddere || (peculationes de quadra- 
turi Curvamm fimpliciores ; pervenique ad theoremati quajdam generi- 
liora. Et, ut candide agam, ecce primum theorema. 

Ad Curvam aliquam fit dtf ±z e +jzf ordmat'im applicata, termino ab-N a LVW, 
fciffae, Cm t aliir, sjiormaliter infiftens : ubi literae i y e f f denotant quaflibet 
quantitates datas ; &; 9 9 X indices poteftatum, five dignitatum, quantita- 

tum qttibus affix-as funt. Fac — == r; X4- r— s\ ^Kt+fx\ +I = QJ & 

r 9 - 9 =w» Etarea Curvac tnt o^m - jz~ t fz " ^ ' 

r —$X— &c. Uteris A. B, c, d, &g. denotantibus terminos proxim^ aritece- 

denies ; nempe a term'mum b terizunucn — ^ X.'— &c. Hasc feries* 

ubi r fradio eft vel numerus negativus* continuatur in infinitum; ubi 
vero r integer eft & affirmativus, continuatur ad tot terminos tantum, quot 
funt imitates in eodem r j & fic exhibet geonrietricam quadraturam Curvas. 
Rem exempli s illuftro. T .... 

Exempium 1. Propdnatuf Parabola, cujus ordinatim apphcata fit tfato, 
H«c, informamregulareduda, fitJB°xo+^V. Quarc</=-i; tf = o; 
e = o;f=a\ ,= 1; A = | v Adeoquer=u *=*li Q.= -xazk 
v ~0+ Et«rit area quaefita 7X^2- in hoc eft, * r zJaz. Et fic in 
genere fi c& ponatur ordinatim applicata, prodibit area 

Exem. 2. Sit ordinatim applicata ^^ - y Uxc pci redadiondft: 

^=-±Xc7^r\ hoc eft » = o.- * < in 



omentum dignitatis Binonrn. 1 P ^^;"f5^„S^J3^« h*^tur, extrahefldo 
«trt€»: qttod ubi hseretur, fieri folet quadrando figuras , *" D » » k <lb< - 

£ne«n h«jus epiftol*, Uteris tratifpofitis occulta** ; ut mox d «ce t v. . . 
509, !in. 24, 15, 26, ut St per hanc cpiftolam. 

Vol. IV. 4 A 
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asOi-mw. m m t= - w _ 2zz . In fecusdo antero cafu, eft = tfa-jV 

Area his cafibus diverfimod* exhibetnr, quatenus tomputotur a 



ciUsTft <1U ° |rUm ^S 0 * 1 ** ^ r hos -Wvaitos.vaWareafwni f a . 

Exera. 3. Sit mdmata* applkata i^2£+S; k> c eft, per naba** 
nem ad debitam formam ; vel aV"* x£+a* . vel aV-*x 7' + Fl - 
erit, inpnorieaf % ^=a J ; # = -. s „- r . ' Adeo! 

^f e 1 r = -^ / . & c. Quate, c&n r w fit Humerus affittnativw 1 Woced* 
ad alteram cafiun. Hie e£l d~ *> - * = _ 4 . , = , . ™ "j^ 

X = |. Adeoque r = 3? s = 3$l <*L= - £ X f+li4\ ft* * 

Exem. 4. Sit denique ©rdinatka applicata — ■ - * gl 

Hsc, ad fonnam regul* red*a a , fit fe* x c^Sf-* i ndeque eft <<== ^ 

* = Etarea^-. 4x ^, id eft -^*^ x JT^I)?. 

^° n " ffet Sr 1 "* caf «. exiftenter vel fraaione vel no- 
*eio negtfro: tunc taritkm afesum cafom, piupnfe- terii^ 
m ordinatim applicata a coefficient Z *; hoc e ft reducendo ordina- 

^nSSSL £ T & eon ** r *e q«dwrL Nam, quant. 

' % ' rc ^" e * hi **< in fimt»s»q»atb l iibus areas omnW 

EoS^cTi m e * vel quibuflibet d^itatilm, 

bmomu cujufcunque, hcet „on diredle, «bi index dignitatis eft numerus 

r^Tr^^f^ "on poteft geonktnch qundrdri; ! 

to vll fa! em "r?^ P /° ^P^tiolTe ejusfum conicis ftcUoni- 

XoSf ^ unic^ jam defcripiom thedrema, 15 d* 
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^Q trtH^i^ etam^ &aliis quib^atn* regulas quafdate eoncrflftavl 
Sed in ftmphaoribus vwlgoque celebratis figuris, vix aliquid relatu dig 
Hum repert, ^utxl evafit aliorum conatus ; nili forte Longitude Ciflbidis 
^iifmodi ceuieatur, Ea fic csonftruitur. 

Sit vDciflbis; Av, diameter circuli adquenl 
aptatw; v, vertex? AFjafymptotosejos; sc db» 
perpendiculare q^odvisad av demillbm. Cum 
iemi-axe af = av, & femi-parametro ag - 
fAV, defcribatw hyperbola F/Hc ; & inter ab 
& av fumpta ac medil projwrtbnali, eri* 
gantuc, adc & v, perpendicula c*, vk, hyper- 
bolae occurrentia ill k & K ; et agaritur refts, 
kt, kt> tangentes hyperbolafti in eifdem K & 
k, & occurrences av in t St /j & ad av 
conftituatur re&anguluni vm aequale fpacio 
Tfikt. Et ciflbidis vd longitudo erit fextupla 
altitudinis am. Demonftf alio perbrevis eft (-). 
Sed ad infinitas feries redeo. 
Quamvis swlta reftent inveftiganda, circa modos approximandi, & circa 
divetta ferierum genera, quse poflbnt ad id conducere : tamen vix cum D» 
Tfchurnhaufio fpiraverim, dari pofle aut fimpliciora, ant magis generalia 
fwndamenda reducendi quantities ad hoc gen\is ferierum, dequo agimus, 
quam funt divifiones, & extractiones radicnm ; quibns Leibnitius & ego utt- 
«nur; faltem non generaliora 1 quia pro quadratura & EvQw<r$i Curvarum 
ac fimilibws, nulla; poflunt dari feries ex hifce fimplicibus termbis alge- 
braicis (nnicam tantum indefinitam quantitatent involventibus) conftantcs, 
quas non licet hac metbodd colli^re. 

Nam non poflunt effe plures convefgentes feries ad idem determinandum, 
quam funt indefinitas quantitates, ex quarum poteftatibus feries conflen- 
ttir : &egoquidem, ex adhibita qu&cunque indefinita quantitate, feriem 
novi colligere & idem credo Leibnitio in poteftate efle. 

Nam quamvis meS methodo libemm fit eligere, pro conflanda ferie^ 
quantitatem quamlibet indefinitam, a qui qusefitum dependeat ; & metho- 
tdus, quam ipfe nobifcum communicavit, determinata videatur ad eleclio- 
nem talium indefinitarum quantitatum, quibus opus commode deduci po- 
teft ad* fracliones, quae, per folam divifionem evadant feries infinite; : ta- 
men aliae^qusecunque indefinita? quantitates pro feriebus conflandis adhi- 
beri poflunt; per methodum iftam, qua afTedse aequationes refolvuntur; 
dummodo refolvantur in propriis termmis j hoc eft, conficiendo feriem ex 
folis terminis, quos aequatio involvit. , 

Pncterea non video, cur dicatur his divifionibus & extra£hombus proble- 
mata fefolvi per acciclens : fiquidem hae operationes eodem modo fe habeant 
■ad hoc genus algebree, ac vulgares operationes arithmeticae ad algebram 
vufgo notam. 

* Haeomncs 



S47 



BUKCUM 

rosrsmo*. 



conftituunt. 

.(•) Confule Geoirictriam Analj ticaro, Cap.xn, § 4J, 44. 

4 A 2 
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aZW^h mt€m ad fim P Ucitatem methodi attinet ; nolim ft«£lwier& fcw 

dicales, abique pr?evi4 reduaione* fenoper refolvi in feries infinitas : fed ubi 
perplexae quantitates occurrunt, tentaadae funt omnimodse reduaiories ? 
five fiat augendo, minuendo, multiplieando, vel dividendo. quantitates 'ml 
definitas j five per methoduna tranfmutatoriam Leibnitii; aut alioquocun- 
que modo, qui occurrat. Et tunc refblntio in, feries, per divifioiem & ex- 
tra&ionem, opportune adhibebituE. 

Hie auterri prascipiae nitendum, eft r \i* denomin stores fra&iomim, &■ 
quantitates in vbculo radicum, redwcantiv ad quam pauciffimas & mini- 
me compofitas ; & ad tales etiam,, qua* fejfiem abeiuit citiflime conver- 
gentem, etfi radices neque convettantur in fraaiones, neque deprimantur. 
Narrvper regulam iaitio alterius epiftolae, exJraaio altiflianarum radicum. 
aeque limnlex & facilis eft,, ac extra&io, radicjs quadraticae, vel divifio : & fe- 
nes, quae per divifionesn eliciuntmr, fdent miaime omnium eonvergere. 
* UX. Haaenus de feriebus unkaraindefinitamqjuantitatem involveiitibusJo- 
cutus fum.. Sed poflunt etiam, perfpeaa methodo, feries, ex duabus, vei 
plunbus, affignatis indefinitis quantitatibiis pro arbkrio conficK Quinetiam 
beneficto ejufdem methodi, poflunt feries ad omnes figuras efformari, Gre~ 
gpnanis, ad circulum & hyperbolam, editis, affines ; hoc eft, quarum uM- 
ifws terminus exhihebit quaeiitam. aueam. Sed calculum. hie onerofioren* 
nolim lubens fubire;. 

Poflunt denique feries ex terming compafitis eadem method© conftituL 

Quemadmodiim, 1^^^-^- + ^ ordinatim applicata Curvae alicujus; 

pono aa~ax=szzi & ex binomib zz+- extra&ft radice, prodibit « + 

7Z 8^? &c * # Cu J us omnes termini quad*ari poflunt per theorems, 
jam ante defcriptum. Sed* hsec mihoris facio; quod ubi feries fimpliceft 
non funt fatis tracTahiles, alkm, nondum commjunicatam methodum ha- 
bfc<y "qulpro lubitu acceditur ad qusefitum.. 

Ljus ftmdamentum eft commoda^ expedita l generalis folutio hujus pro- 
btematis : Curvam geometr>kam d.>Jct ibcre. qmc per data, quotcunque punlla. 
tranfibit{^). 2 r * 3 r 

- Docuit Euclides deitrlptibnem circuli per tri'a data punfta. Poteft eti- 
am conica feaio defcribi'per quinque data'pima-a ; & Curva triumdimen- 
fionum per feptem dhta punaa : adeaut in poteftate habeam defcriptionem, 
omnmmCurvarimi iftius ordinis, quae per feptem tantum punaa determi- 
nants. H;a^c ftatjm ^eometrice fiunt, millb cafcula interpofito. Sed fu- 
pertusproblema eft afterius generis : & quamvis prima fronte intraclabik 
videatur, tamen res aliter £8 babet. Eft enim fere ex pulcherrimis,. qn* 
lotvere defiderem. t 

Seriet k D. Leit>nitip pjo quacfratara coiucarum feaionum propofitae, af- 
hnta iuat t heoremara qn^dam, qua?, procomparatibneCurvarum cum conir 
cis feaiombus, m catalogum * dudum retuliT 

f) Vide Merhocb^ BiTeftBtmtem, 1-om.T. p S „- $2 &. 
m&T Fak * Pr ° ?;>4|¥,fte8 Ncwtoni & Qa«l«.wri Curvaroin diuaate annum ity m*cnm 

Poflum. 
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Poffurn utique cum feaionibus conicis geometric*; comparate Curvas om 
ne& (numero infinities infinitas) quarum ordmatim applicatae funt 

vel r- occ. 

Aut - — vei — — &c. 

Aut ~>/e +fz"+g%- l « vel X s/e +g*>'" &c. 
Aut *r ■■ vel - - &c ■ 

Au t ^ xVf+/ - vel ^"X^^&c, 
Aut 7— vel Sc. 

Htc ^, f,/, ^ fignificant quafvisdatas quAntTtates, cum fuis {ignis + & - 
afFeaas ; z y axem vel bafem Curvae ; &?, 2*,, \ v i > ' ? - » » * - 1 » } t % - 1 » 
iHdkes poteftatum vel dignitatum s, five fint affirrmtivi yel^ negativi, hve 
iategri vel frafti : & finguia Wna theoremata funt duo priml termini fena 
in inmtitum progredientis. In tertm & quarto, fg debet rflc non majus 
cniam //*, mfi * & fmt contrarii figni. In octens nulla eft Irniitatio. 
Horum alicraa (nempe, fecwmlum, tertium, quartom, qumtum, & deci- 
mum tertium) ex areis duarum conicarom feftionum coiijonaw cwftant.. 
Alia qu-^dam (ut nonum, decimum, & duodecimum> funt ahrer fat.s com- 
pofita. Et omnia quidem, in contmuatbne progreffionum, cito evadunt 
campofitiffima ; adeo ut vix per tranf*utatbnem hgurarum, quibus Jaco- 
bus Gregorius & alii uii font, abfque ultenort fuadamento mvaim poflc 

P ^"qufdem r^iu'd qulcquam generate In his oBtinere : porm, antequan* 
abftSe^n; a contem?latiL n^rarum, & rem w»« 1 ^jphcem eon- 
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a j ofendcudam ejus gcneralintem i^cere vuktatur. 

rf - - unde prouit leru'a n J>"» 
communicate. Sedfi ponatur 2£==P» tt » r haisc 
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S 8 d Vk- Jf-nc feriem* , + T~T-f+ 7 + A T ,V~n &c. pro lo^dme ^ 
drantalis arcus, cujus chorda eft unitas : vel, quod pertifde eft, ££■ 
t + tj ~ ?I + Tfi - tit &c - P r o lpngitudine dimidii ejus. Et has fortf 
-quia aque fimphces font ac alterae, & magis convergent, „on repudiabit s 
Sed ego rem alitor Am». Iilud enim melius quod utiHus eft & 2 
hlema mmori labore folvit . Sic, q uamvis hsc sequatio x 2 -x = i appareat 
fimplicior hicce,^ - zr /*L _ ^20 = ^20 ; tamen in confeffo .eft nofte. 
S eruit? 1,mpIici0rem CffC ; Pr ° pterea ^ d radicem e j^>» geometra 
Et ob hanc ration em feries pro obtinendis areubus circuit, vet , quodeo- 
dem recidit, pro obtinendis feaoribus. conicaruto feaionum, pro optima 
habeo, quaecomponuntur ex poteftatibus finmim. 

Nam fiquis vellet per fimplex computum hujus feriei r+--i--i + i 

oDus C eSf r , e Ion S' ltudlnem quadrantisad vi^inti figurarum lo C \ diimW, 
opus eliet 5 000 000000 termuus feriei circiter; ad quorum calculum 
milleni amn requirerentur. Et res tardius obtineretur per tantrentem^c 
;graduum. Sed, admbito finu redo 45 gradu um, quinqu agintf quinqte 

itlnZ^^ 1 ^ UjuS {e ™>y±* 1+ ^ + Th + th &c fufficerent : 
quorum computatio tnbus, ut opinor, vel quatuor diebus abfolvi poflet. 

Jit tamen hie non eft optimus modus computandi totam peripheric 
Nam feriesex finu redo 30 gradimm, vel finu verfo 60 graduum conflatv 
^^^^bit arcum fuum; cujus fextuplum, vel duodecuplum, eft 
cota penphena. - Neque majori labore eruitur area totius circuli, ex fee*, 
mento^ cujus fagitta eft quadrans diametri. Ejus computi fpecimen, fiqut 
dem ad manuseft, vifum fuit apponere; & una adjungere aream hyjer- 
bolx, quae eodem calculo prodit. 

Pofito axe tranfverfo = ,, & finu verfo, feu fegmenti fagitti, = *; erit- 
femKegme^m VF^j =Jci in &c . H *c autem' 

Series fic in infinitum producitur, fit %x*z=za; j-^ 3 £=^I 

? *f=;^^=s/; &c. Et erit femi-fegmentum tyP^*) - \ 
e_+J , + ^ circul1 > 

7 _ ~ - 77 _ — &c Eoruraque femi- fumma j - -f - ^ - &c. & femi- ; 

dlff ^^ a f + 7 + ^+&c. His ita pneparatis; fuppono qua. 
4rantem nernpe axis; & prodit a {=-) =0.25; 3 (= = ^ 

0.031,5; > (=^tT) =0 .oo I9 5 iI25 ; d ?= «i^, = 

mmum > ^".^^edio^a. Demdeho^erminosper 3,5,7,9,11, 

&c. 

* P. Viceco.pes Bwnrt* hypcAolam per, t^firfc. ^I_ + _L. + JL- + ' + I^M^ 

eft 
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Src refpeili^ divifos, difpono in duas tabulas: ambiguos cam primo inr, 
saarn ; & negatives in. aiiam j & addo, ut hie vides, * 

°'°%33333333333333 0.000*790178571420 

6250000000000a 34679066051 

271267361 ir 834465027- 

513516^396 26285354. 

1446289! 7 961296. 

49545^1 38676' 

1.909 4& 1(663; 

7963' • 75; 

352- 4 

L 6 0.OC02825719389575, 



VUCV M 
»0STE«,IOfe 



0.0896109885646618^ / * 

Tiind a priori fumma aufero pofteriorem; & reftat 0.08932841 66tf7043r 
area feirii-fegmenti hyperbolici. Addo ettanveas fummas, & aggregatum^ 
aufero a primo termino duplicato, 0.1666666666666666; reftat 
g.o 7 6 7 7 3 r o 6 1 6 3 047 3 area femi-fegmenti circulari^ Huic adeb' 
triarrgulurrf- iftud, quo eompktur in fedorem,. -i»€* elt T ' fV /3^ ftit 
q. o 5 411* 7! 6 5 &7 7 3 6 5-2 7 4; 3fr hat^eo t eflw em -gradOTtft, 
o. 130 S 9 9^9 ^899 5 747-; cujus lextuplom r o 7&539&1 03^974482, eK areaj 
torius circuli i q,uae divifa per 4, five qua&'anfera diametrr, dat totam peri- 
gheriam -^415 ^o?^ 35 ?9 792:8. Sr diasah^adhibuHIeni }• potui, pereun- 
dem numenifii tyrmmo-twrifcriei, perveniflead multo pliira loca figurarum r 
puta vigintt quinque, aut amplius : fed aaimus fuit hie oftend«re, quid, per- 
fimplex fetieir comput-om, pi-aeftarl poflet. Quod fane haud difficile eft ; 
dim in omat opere muf tiplicatores ac divifofes, magna ex parte, noo. raajores 
quam 1 1\ &aiunqHam majores<piarrt 41, adliibere opus-fie. 

Per feriem Leibnkii etiam, fi ultimo loco dimidium termini adjiciatur, 
& alaa qatedani fimifria a-rrificia adhibeantur, poteft computum produci nd- 
Hiujtas! figutas. Ut & penendo- fummam terminonim t - j + f - tj + Tj ~* 

IT + IT ~ rr + tj &c< efle ad totam .feriem. i~^ + }""T + \~ts t &c : ut 
^i ad z: Sed optimus ejus ufus videtur efl?, quando^ vel conjungitur 
ejHndua^u^aliis periimilibus^ &citiffimeconvergentibtts, fcriebus ; vel lola 
adhibetur adcomputandum arcum 30 graduum^ tai^flte ^/h Tunc 

enim fe-ries Hfe etadit 1- + ^"7^"** i^57 &c ' qtt*« to «« ycr g it - 
Vet fi conjunges cum aliis feriebus, p©n« circuit dianwtrom = Sc 
t *c= i :jj & a«ea torius circuli erit fumma haram trium ferierem y + 

&C. 

«ft Per hanr i - « 4- 4 « ' + ' - 1 4- ' - ' + &c. (eoniimftw Wnis termink) prtaus omnium q««* 
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Newtoni Hie confideravimus feries, quatcnus adhibentur ad computandum totum 
adOljjen- ^railum. Sedquando computandae funt partes ejus, tunc quaelibet feries 

habetproprium uium, & in fuo genere optima eft. Si datur tangens fatis 

parva, vel fatis magna; non recurrendum erit ad finum aliquem ut inde 

computetur arcus, neque vice verla. Series, dato congruens, eft aequatio 

pro lblvendo proprio problemate. 
H° LXI. Credo CI. Leibnitium, dum pofuit feriem pro determinatione cofinus ex 

arcu dato, vix animadvertifle ieriem meam pro determinatione finus verfi 

ex eodem arcu ; liquidem hsec idem funt. 

Neque obfervafle videtur morem meum generaliterufurpandi liteias, pro 

quantitatibus cum fignis fuis, H- & - , affe&is, dum dividit hanc feriem 

T + 7^1 + 6^ + + &c * Nam c * m area hyperbolicia ad, hie fignifi. 

cata per z, fit affirmativa vel negative prout 
*• \ jaceat ex una vel altera" parte ordinatim appli- 

\fl catae &c j fi area ilia in numeris data lit /, & / 

fubftituatur in ferie pro ar, orietur velj+] 

&cj prout / fit affirmativa vel negativa. 

Hoc eft pofito a = i = & / logarithmo hy- 

perbolico ; numerus, ei correfpondens, erit i +— +~ +^ +~ &c. fi 7 fit 

i i 6 24 

affirmativus \ & 1 + — &c. fi / fit negativus. Hoc modo fugio 

multiplicatipjiem theorematum, quae alias in nimiam molem crefcerent. 
Nam v. g. illud unicum theorema, quod fupra pofui pro quadrature Curva- 
rum; relolvendum eflet in 32 theoremata t fi pro fignorum varitttatfernultiv 
plicaretor. .;!, ,.. • ; 

Praterea, quas habet Vir Clariffimus de inventione numeri, imitate ma*' 
joris, per datum logartthmum hyperbolicum, d'ne feriei — - — + — - 

..y.v.y, + &g. potius quam ope feriei — + — — + — - — + &c.: 

nondu m percipio. Nam fi unus terminus adjiciatur amplius ad feriem pbf- ' 
teriorem, quam ad priorem, pofterior tnagis appropinquabic. Et cerfe mi- 
nor eft labor, computare unam, vel duas primas figuras adje#i. hujus ter- 
mini, quam dividcre unitatem per numerum procteuntem ex logarithmo 
hypecboliccv ad multa ngurarum loca extenfUm, ut inde habeatur numerus 
^fitus unilate major. . Utraque igitur feries, fi duas dicere faa fit, officio- 

fuo fungatuc Poteft tamen -f + — —-+—J1 &c. feries, ex di- 

raidiA ^parte terrninorum conftans, optime adWberr ; X fiquidem Wa?c dfabit 
femi-differentiam duorum numerorum, ex qua, & reaangulo dato, uterque 
4uar. Sic & ex ferie 1 + + lx< ^ &c. <Jatur femi-fumma mimero- J 
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rum, indeque etiam numeri. Unde prodit relatio ferierum inter fe, qua "t,:V " 
ex una data, dabitur altera. ' - 'ro. rtRioK. 

Theorema de invent ione arcus ex d ato cofinu, ponendo radium 1, co- 
finum c, & arcum s / 6 - v^4C+ 12, minus appropinquat, quam prima 

fronte videtur. Pofito quidem fmu verfo v, error erit — + — + &c. Po- 

90 194 

teft fieri ut 1 20 - 2 7 v. ad 120 - ijv, ita chorda (v/2-u) ad arcum ; & er- 

v 6lT» 3 \/ 2V . . . - 

tot erit tantum circiter ; qui femper minor eft quam 5 $ minuta 

fecunda, dum arcus non fit major quam 45 grad, Et lingulis etiam bi- 
feciionibus diminuitur 1 28 vicibus. 

ScrieS 0^^ ix 2 X3X4X< + ;»X 2 X3X4X S X6X7 &C * W 1 "*" ^ ^ 
computationem tabulae fegmentorum, ut obfervat Vir Clariffimus. Sed 
^es r optime abfolvitur per cahonem finuum. Utpote, cognita quadrantis 
afe^ # per continuam additionem non® partis ejus, habebis, fedlores ad fin- 
gulos decern gradus in femicirculo.: deinde, per continuam additionem de- 
c,imas partis hujus, habebis fecT:ores ad gradus; & fic ad decimas partes 1 
graduum, & ultra, procedi poteft. Tunc, , radio exiftente 1 , ab unoquoque 
iectore, & ejus complemento ad 180 gradus, aufer dimidium communis fi- 
nus re£ti, & relinquentur legmenta in tabulam referenda. Caeterum quam- 
yis feries hie non profint, in aliis tamen locum obtinent. Et quoniamr 
hoc ad earum ufum fpe&at, non gravabor in aiiquibus attingere. 

Conftru&ionem logarithmorum non aliunde peti debere, credetis forte N ° 
ex hoc fimplici proceflii, qui ab iftis pendet. Per method um fupra tradi- 
tam quaerantur logarithmi hyperbolici numerorum 10, 0 98, 0.99, r.oi, 
1.02 : id quod fit fpatio unius & alterius horse. Dein, divifis logatithmis 
quatuor pofteriorum per logarithmum numeri 10, & addito indice 2, pro- 
dibunt veri logarithmi numerorum 89, 99, 100, 101, 102, in tabulam 
referendi. Hi per dena intcrvalla interpolandi funt ; & exibunt logarithmi 
omnium numerorum inter 980 & 10-0 : & omnibus inter 980 & 1000 ite- 
rum per -dena intervalla interpolatis, habebitur tabula eatenus conftrucla. 
Tunc ex his colligendi erunt logarithmi omnium primorum numerorum, & 
eorum multinlicium, minorum quam 1 00 : ad quod nihil, requiritur, prater 

additionem & fubtraaionem: Siquidem ht s / ~ 2 - V —jf ~3- 

'9071 ^ , r 9949 _ fi7 W_ ^ . 

13x13 5y 2X81 3A49 '* 11 ■ 

996 g 9568 9 g # ^£94 _ £ t habitis fic logarithms omnium nu- 

memrum mmorum qu 'm ' co ; . reftat tantum hos etiam, femel atque itc 
rum, per dena intervalla mterpolare. 

4B - Conftmaionit 
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Conftru&ionis tabulae finuum, a qua pendet tota res fri- 
gonometrica, fundamentum optimum eft continua additto 
dati anguli ad feipfum, vel ad alium datum. Utpote in an- 
gulo addendo bae ; inferibantur hi, jk, ki*, lm, mn, vq 9 
op, &c. aequales radio ab: & ad oppofita latera demittantus 
perpendiculares, be, HOj ir, ks, lt, mv, nx, oy, &c. £c 
angulorum hiq_, ikh, kxi, lme, &c. differentiae erunt an. 
gulus a ; finus hq_, ir^jsls, &c; &cofinus iq^ kr,ls,&c. 
Detur jam aliquis eorum jlmk, & caeteri fic eruentur. Ad 
sv & mv demitte perpendictila, ra & Ki ; & (propter fimi- 
lia triangula abe, tl<z, km#, alt, amv, &e.) erit ab.be:; 

/ SL + LV. , KS+MV\ rT , 

ab. ae tiKr.sa ( = — — ): irL.ra ( = — - — ). Uade 

dantur finus & cofinus ks, mv,$l, lv. Et firmil patet rati* 
conrinuandi progreffioiieg. Nempe AB.2AE : iev.tm+mx 
: : mx.vn + ny &c. : : mv.tl + xn : : xn.mv + oy &c. 
Vel AB.2BE : : lv.xkf- i tl : : mv,tm-mx : : mx.oy — mvh 
xn.vn - ny &c. Et retro, ab.zae : : ls.kt + rx &c« Pone 
ergoAB=i; & fac be x tl = v<r\ aexkt = s*; sa-Las 
lv ; 2ae xTv -tm-mx&c. Sed nodus eft inventio ftiM 
& cofinus anguli a. Et hie fubrenhint .feries noftrae. tJt- 
pote cognita, ex fuperioribus, quadrantalis arcus longituditie 
1.57079 &c; & fimul quadrato ejus, 2.4694 &c; divide; 
quadratura hoc per quadratum aumeri exprimentis rationem 
90 graduum ad angulum a : &, quoto didto z, tres vel quatuor termini 

hujus feriei, 1 - — + — - — + — &c. dabuat coftnunn iftius anguli A* 
2 24 « 720 40320 

Sic primd quaeri poteft angulus 5 graduum, & inde tabvla comptrtariad 
quinos gradus ac deinde interpolari ad gratis, vel dimidios gradus, per 
eandem methodum. Nam non convenit prqgredi per nimios faltus. Du» 
tertias partes tabulae, fie computatae, dant reliquam tertiam partem per ad- 
ditionem vel fubtra&ionem, more noto. Stqukfett* poftto KT cofimt <S© 
graduum ; fit ae = sv, & be = m£. Turn: ad decimas & ceatefimas |«rt^ 
graduum pergendum eft per aliam methodum ; fubftitutis tamen prius lo- 
garithmis finuum inventorum, fi ejus generis tabula defideretur. 

Ad computum tabularum aftronomicarum Kepleri ; pofui fundamentum 
aliquod in altera epiftoll Ejus feriei tres primi termini, & aliquando duo, 
fufficiunt. Sed ad diverfas partes ellipfeos diverfe ejufmodi feries aptari dfr- 
bent. Vel potius tales feries- computatidae funt, quae ex data area fe&oris 
elhptici bge, immedLite exhibeant aream fe&oris circuli, cujus angulus eft 
beg, radius cb. Et habkis hifce, computum earum ad duos, tres* aut 
forte quatuor terminos, beneficb logarithmdrum, haud gravius erit, quam 
lohta relolutio tot triangulorum in aliis hjpothefibus : imo forte minus 
grave ft fi feries prius debits concinnentur ; fiquidem unus logaritbmus, e 

tabuli 
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tabuU ^tkus, determinet omnes iftos termmos, addendo ipfum, & ejus mul- wicum 
tiplices, ad logarithmos datarum coefficientium in promptu habitos. ro*Tk«io». 

Quae de hoc genere tabularum dicuntur, ad alias transferri poflunt, ubi 
ratiocinia geometrica locum non obtinetit, Sufficit autem per has feries 
fomputare triginta, vel viginti, aut forte pauciores tenninos tabulae in de- 
bitis dtftantiis; fiquidem termini intermedin facile interferuntur per metho- 
dum quandam, quam in ufum calculatorum fere hie defcriplifl'om. Sed 

pecgo ad alia. .. , r , . r . - 

Quae pi. Leibnitius I me defiderat exphcanda, ex parte fupra derenpfu N 6 LXIIL 
Quod vera attinet ad inventionem terminorum fa f, r, in extraaione ra- 
dfeis arfeaae : primum, p> fic eruo. Defcripto angulo redo bac, latera ejus 
BA, ca divido in partes a?quales; & inde normalcs engo, diftribuentes an- 
nulare fpatium in sequalia parallelogramma vel quadrata; quae concipio de- 
Fig. 1. 
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nominata effc k dimenfionibus Juaram mdefimtaram fpe cinum, put* 
v, regulariter afcendentium atermmo A j prout yite ; ... %• >• *tapt». 

« 4»spoteftalib U s fcrio confirienda eft. Donde, "^.JT' 
p ro ponitu^parallelogramn» > fmguU 8 eju S t«mm. S corref^ 

Ltfaliqu/: & regulad duo, vel forte plura, ex » f ^S3ST* 

dendam. x -> t t , , j j , 

Sic ad extmhendam radkem y % *l f-yf± 7 1 -V*) 

* ; ut vides fig 2. Demapphcoregulam, de ad mu dextror t um 
t^mftniftracolumna; eamque ab "^^/"^figp^ lo« 
gyrare facio, donee alium fimihter, vel ^f^'^tSv &?. E ter- 
Seperit atti.gere. Videoque ^^^J^Z (& infuper f, 
minis itaque/ 6 ^ 7^ + ^l ' ^ndo v=.X) q^'o valorem,, 
placet redu&is ad v *-tw + 6==o, V™™* 0 '^ & I Slant quorum 
& invenio quadruplicem, +« ax \ "? ' rJnere Hcet, prout e radicibos 
quemlibet V ri primo termino quot^entis accipere licet, P 
quampiam extrahere decretum eit ^ 

4B2 
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nZLZl S c *^^/ + ^ + ^-*V-w , = o, quam refblvebam in priori 
cpiftola,. dat -za'+aay+f — o; & mdey — a proximo Cumitaque.* 
fit primus terminus valons y, pono / pro ceteris omnibus in infinitum & 
fubftituo a+p=j>. (Obvenient hfc aliquando difficulties nonnuhV; 
led ex us, credo, D. Leibnitius fe proprio marte extricabit.) Subfequen-' 
tes vero termini, $r, r, j, & c . eodem modo ex aequationibus fecundis, tertiis 
'caeterifque eruuntur, quo primus/ e prima; fed cura leviori ; quia caeteri 
valores^' folent prodire, diyidendo terminum involventem infimam potefta- 
tem indefinite quantitatis, x, per coefficientem radicis /, q, r aut s.t 

K° LXIV. Intellexti credo, ex fuperioribus, regreffionem, ab areis Curvarum ad ti- 
neas reftas, fieri per banc extradtionem radicis arTea*. Sed duo alii font 
modo, qui bus idem perficio. 

^ Eorum unus affinis eft comptitationibus, quibus colligebam approxima. 
tionesfub finem alterius epiftola?, & intelligi poteft per hoc exemplum. 
Proponatur aequatio ad aream hyperbolae z = # -f \ xx + 1 x 1 + ix* + 1* 5 &c. 
Et par tibus ejus multiplicatis in fe, emerget z* =x 2 + x 3 +^x*+ 1 x > &c. 
x' = x 3 +*.x* + ix' &c. a 4 :=* 4 + 2* 5 &c. « 5 =:* 5 &c Jam de Aufero 
i *% & reftat 2 - { z* = * - - X** . || ,» &c< Huic addo ^ & ft 

«-T^-f^' = ^ + I , ? x 4 + ? V &c. Aufero—z 4 , & reftat + 
i Sf, -^5=*-iro* i &c. ;Addo —z', & fit *-4* i +4.* , - I V 54 + 
xr^s 5 == x quamproxime ; five x ~ % - f z * + 4.2-' - i^* 4 &c. 

Eodem modo feries de una indefinite quantitate in aliam transferri 
poflunt. Quemadmodum fi pofito r radio circuli, x finu refto arcjis 
is, & x -f- — -f- 4" &c. longitudine arcus iftius ; hanc feriem a finu 
recite ad tangentem vellem transferrer quaere longitudinem tangentis 
J=£> & reduco in infinitam feriem x + ^ +~^&c. Vocetur hsec quan- 
titas /. Colligo poteftates ejus; — + 3 £ &c; / 5 = * 5 + &c. Aufero 
autem / de * ; &, ponendo 1 pro r, reftat 2 ~ / — - - - 3 — &c. Addo 
;/% &fit2-/+f/' = f^ + & c . Aufero f/\ & reftat z°~t + *t s -p s 
== o quamproxime. Quare eft s — / - + f /' - &c. Sed fiquis in ufus 
trigonometncos me juffiflet exhibere expreffionem arcus per tWntem; 
earn, non hoc circuity, fed dired^ methodo qua;fiviflem. 
. /" P oc genus computi colliguntur etiam feries, ex duabus 1 , vel pluribus, 
indefinite quantitations conftantes; & radices affectum *quationum 
magna ex parte extrahuntur. bed ad hunc pofteriorem ufum.adhibeo po- 
tms methodumin altera epiftold defcriptam, tanquam generaliorem, &, re- 

gulis 

* Hanc Refolutionem, vid. N° VII. 
nlTu^llZ™. me ! h ° dmxo ^J lii { « ^faHlone Jhmth fumtitth ex aquation* fimuUnvohente jluxi- 
Zar Zln iS n r ^^'^ Imitate q u&liht incogJtS, catera commode den- 

mm, Newtoous in his epulis ad regulw quatuor reduxit. Per primam cxtrahitur fluens ex bi- 
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gUlii pro elifione fuperfluorum terminorutn habitis, paulo magis expe- *t!*et>M 
ditam. posterior. 

Pro regrefTione vero ab areis ad lineas reftas, & fimilibus, poflunt hu- 
jufrnodi theoremata adhiberi. 

Theorema 1. Sit z—ay-\-byy4rcf + dy ,, +ey* &c. Et vicim erit y = 

—~a> z + ~ir~ z * — ~j — z *i 7* 55 &c * 

Exempli gratis. Proponatur aequatio ad aream hyperboke, a=jj;--^ + 

+ - &c Et fubftitutis in regula i pro a, - { pro t pro c y - ^ 

5 /■ + ■ S ■ 

pro </, & t pro e ; viciuim exurgit, ^ = z+7Z!5+{z J +i^:2;*+-&c, . 
Theor. 2. Sit * = ay + +ry 5 + dy 1 4- ^9 -f &c. Et viciflim erit y- 

___s; ^ — —a ^- 71 55 Kc * 

Exempli gratia. Proponatur aequatio ad arcum circuli, % =7 + - + ^ 4 + - 
&c. Et fubftitutis in regula 1 pro-*, ~ pro b r ^ pro c, ^ pro 4 

&c;. orietur^ = a-^+^™ e + &c. 

Alterum modum regrediendi ab areis ad lineas reSas cekre ftatur. 

Ubi dixi, omnia pene problemata folubilia exiftere ; volui de iis praefer- 
tim intelligi, circa quae Mathematici fe haftenus occuparunt, vel faltem in 
ouibus ratiocinia mathematica locum aliquem obtinere poflunt. Nam alia 
fane, adeo perplexis conditionibus implicata, excogitare lrceat, utnon fatis 
comprehenderevaleamus; &multo minus, tantarum computationum onus 
lbftinere, quod ifta requirerent. '.. t 

Attamen, ne nimium dixilfe videar, inverfa de tangentibus problemata- 
font in poteftate ; aliaque illis difficiliora. Ad quae folvenda ufus fum du- 
plici methodo; una concinniori, altera generation. Utramque vifom eft 
fmpraefentia Uteris tranfpofitis confignare; ne, propter alios idem ob mentes 
inmtutuminaliquibus mutare cogerer. t S^^^^V 

mtn%oq±r*f6tA.v, aaddaeeeeewmmnnooprrrssssstiuu. 

ivlrfomhot ^roblema de tangentibus quando ^» »f P^d^ 
contaans& axem figure eft data, kmgitudiniB, ^.^^V^t m 
Eft tamen Curva ilia mechanica, cujus determinatio pendet ab area hy 

^uSem generi, eft etiam problema quando pars axis, inter tangentem- 

6 ordinatim applicatam, datur longitudine. 

tend pUtTquo eviccte, feries in ^-^s 1 tl xthSuens « 

ex aequationibus affeftis fluxionero non mvolvent.bus. " r T " J ' flucn| t% COB ditionibu 8 proble- 

«ibu. affedis fluxumem fimul involventibus. Per qu artam, ^ fiQe poauatur. 

fflitk. Regula du*F»»* in P nncl P 10 ep,ft0 S ^ ^ nemo dabuat. 
Ha.um re^larum Newtoaum *ffe inventorem pruau*, nemo dabuat. 



*| 0 M M E R G I U M 

Sed ! hos -cafus vix humeravefioa inter ludos naturae. Nam qtrando in 
f riangulo re&angulo, quod ab ilia axis parte, & tangente, ac ordinatim ap. 
plieata* cbnftituitUr, relatio duorum quorumlibet laterum, per sequationem 
quamlibet, definitur ; problema folvi poteft abfque rod methodo gcnerali : 
ied ubi pars axis* ad puncTatm aliquod pafitione datum terminata, ingreditur 
vinculum ; tune res aliter fe habere fclet. 

* Communicatio reiblutionis affe£rarum aequationum, per msthodum Leib* 
nitii, pergrata crit ; juxta & «xplicatio quomodo fe gerat, ubi indices po* 
teftatum funt fraftiones ; lit in hSc aequatione : 20 -f-^ — x$ -y™ ss o, aut 
furdac * quantitates; ut in hac, x^* + ~y : u bi ^2 & ^7 non de* 

fignant^ coefficientes ipfius fed indices poteftatum, feu dignitatum.ejva; 
&^indieem dignitatis binomii x*/ % -\-x*/i. Res, credo, mea methodo 
Ipatet ; aliter deferipfiflem. 

Sed meta tandem prolixae huic epiftolae ponenda eft. Literae fane ex- 
«cellentiflimi Lejbnitii valde dignae erant, quibus fufius hoc refponfum da- 
rem. ^ Et volui hac vice copiofior efle, quia credidi amosniora tua negotia, 
fcveriori hoc fcribendi genere, non debere a me crebro interpellari. 

Excerpta ex epijlold D. Collins ai D. Newtonum, Londini, 5 
Martii 1677 data. Integra autem extat t'mprefa m tomo ter- 
tio Operum D. Wallifii pag. 646, Mc* 

Chrtjjimt Fir, 

Aderat hie D. .Leibnitius per onam feptimanam, in menfe 0&obris ; In 
reditu fuo ad ducem Hanoverae ; cujus Uteris revocatus erat, in erdine ad 
quandam promotionem. 

^ Dixit Leibnitius, fe poffe & velle confilia impertire, pro obtinencfis fe- 
nebus, abfque fpeciola €xtra£tione radicum sequationum arTe&arum ; modo. 
quis velit laborem ilium obire, 

Et confequenter ad hoc, poftquam ego D. Bakerum ipfi nominaveram, 
literis ejus ad D. Oldenburgium, datis Amftelodami, 44 Novemb. 1676, 
haec fcribit. 

* D. Collinio haec 'quasfo communica. Dixit ille mihi D. Bakerum, 

* do<ftum admodum & induftrium apwl vos analyticum, utilibus confiKis 
' exequendis parem efle. Elegi ego unum praj reliquis utile & facile. 

* Nimirum, methodus tangentium, a Slufio publicata, nondum rei faftigi- 
' urn tenet. Poteft aliquid amplius praeftari in eo genere ; quod maximi 
« foret urus ad omnis generis problemata : etiam ad meam (fine extraftio- 

* nibus) sequationum ad feries redu£t.ionem. Nimirum, poflet brevis quae- 

• ' darn calculari circa tangentes tabula, eoufque contiuuanda, don^cf** 
4 greflio tabulae apparet; ut earn fcilicet quifque, quoufque libuerit, fine 

* calculo Gontinuare poffit. 

. * Sw4oi ibdkOT D. Leibnitius. in epiftold fcquente mutant in ftuentcs { & inde natm eft calcu- 

U'{-> 4 Amftelodami 
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cum Huddenio locutus fum ; cui negotia eivilia tempus 
« omne crfpiunt. Eft enim ex niimero doodeeem urbis Confulum, qui 
« fubinde imperium obtinent : nuper Gonfulregenserat; nunc Thefaurarii 

* muuus exercet. Praeclara admodum m ejus fchedis fuperefl'e, certum eft. 

* Methodus tangentium, a Slufio publicata, dudum illi fuit nota. AmpUor 
4 ejus methodus eft, quam quae a Slufio fuit (jubficata. Sed & quadratura 
« hyperbola Mercatofis ipfi, jam anno 1662, iitnotuit. Haftenus Leib- 
« Hitius/ 

P. S. Exemplar cpiftol* tuae, quatoor fchekkrum, nondum eft ad D. 
Leibmtium miflum : fed, intra feptimanam, eft quidam hinc profefturus 
Hanoverara, qui turn illud, turn libros quofdam laturus eft. 

Mpijtota JD. keibmitii ad D. Oldenburgum, ai Junii 1 677, data cupt JD.N 9 LXVL 
Newtono communicanda, Cujus estat & aut^r^bum^ & exemplar matiu 
D. Collins de/criptum* 

AmpltHtme Domine, 
Accepi literas tujis diu expQ&atas, cum inclufis Newtonianis £mt pul- 
cherrimie ;' Quas plus, femel legam cum curd & medkatione 1 quibus certe 
non minus *gnx funt, quSm indigent. Nunc pauca, quas feftmante oculo 
obeonti mcidere, e veftigio annotabo. , . 

Egregie placet,, quod defcripfit, qua via in norinulla fua elegantia fane 
theoremata uiciderit. Et <pe de Wallifianis interpolationibus habet, vel 
ideo placeiit. quia hac ratione obtinetur harum interpolationum demonltta* 
ti^ j cum' resea a^tea (quod fciam) fola induaione niteretur ; tametfi pars 
eorum per tangentes #t demdhftrata. .. _ , . ^, 

Oarfe aujii'roethodum tangentium nondum efle abfolutam.cel^er. 
rimd N^tomy aflfentJor.' Et jam a multo tempore + rem tangentium Ion , 
^geftcraHu^ traaari; fclficet per difFerentxas ordmatar ^ ^ m ^ B 
iriteryaUum tangents ab ordttiata^ m aseiumptum, 
T eft ad i»icordimtam; ut icd, different* duarumab, 

! fciflarum Art, a^b, ad mc differentiam duarum ior- 
dmatafum tBic, ibzc Nec refert, quem anpto 
Sunt^dinat J ad axem. Und. ^ 
^invenire tangentes, quam «n*««^ 

d/ efle iydy ; & d/ effe tfdy, &c. & xta porro. INam 

, , . /« idtiue calculo confimilt- 
+ Idem fecit D. Barrow in ejm Left. 10, ™™ „l™J± m different«km cum amici* tej><* 
% Coepit igitur D. Leibnitius, hoc ipfo «pMW- ' ^ 

fortean & aliis Newtonianis, fub finem anm i&?6, uoi aonau» V 

gore praelediones Barrovii fecum tulit. flbl 
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fibi (id eft, difFerentiam habentes' infinite parvam) 
fcilicet a i b = y ; & a 2 b z=y + dy. . Quoniam ponr- 
mus dy effe difFerentiam quadratorum ah his duabtfs 
re&is, aequatio erit dy 2 —y l + 2ydy -f dydy —y\ Set 
omiflis f - y , qu« fe deftruunt ; item omiflb quk 
drato quantitatis infinite parvae, ob rataones esrjmei. 
thodo de Maximis & -Minimis notas erit^ ss 2rdy. 
*Idemque eft de ceteris potentiis. Hinc etiam hi 
, beri ponunt differentiae quanritatum, ex diverfis inde- 
finitis in fe invicem du&is fatfarum : ut dyx erit = 
ydx + xdy; &cdy x X7=z2xydy+ydx. Hinc fi axmatio 
a+by+cx + dyx + ey +fx>+gfx+t>yx*8cc. =0; ftatim habetur tangens 
Curyae, ad quam eft lfta aequatio. Nam ponendo ab =._y, & A2B =e y + <k 
•(fcilicet, quia 1B2B feu icd == dy) itemque ponendo *bic = #, & 
2B2C = x + dx (fcilicet. quia 2CD =r d^?) : et, quia eadem aquado expnmit 
quoque relationem inter A2B & 2B2C, quae earn exprimebat inter at b & 
ibic ; + tunc in equation© ilia projy & x fubftituendo y -f- dy y & x + d*, 

a+by +CX + dyx +ep* +gf x +by x * &c . ■ 

%+<rd*+^d* + 2eydy+2fxdx-\-zgxydy -f-2%d* &c. J . 




3=0. 



+^d^+fdj;d^-f/dArdAr-f- < g-^d);a> +/>yd.vd* 

eft quantitas comamni more. + 2^d^dA* 4"2^d^dy fe j 

d eft nota different!*. +gdxdydy -\-hdydxdx &C. /. - 

pbi, abjedis illis quae funt fupra primam lineara* quippe nihilo' Wali- 
bus per aequationem praecedentem ; & abjecTris illis qua funt infra fecun- 
cam, quia in illis duae infinite parvae in fe invicem ducnntur ; hinc reftabit 
tantiim aequatio haec, bdy + cdx + dydx + dxdy = 0 ; quicquid jfcilicetrreperf- 
tur inter hneam primam & fecundam. Et, mutata jequatione in rationem 
feu analogiam,' fiet - ±f -MA+^ + *%&c ' ■ AjL _ 

-iBaB, feu - iCD TiB v c+d y & c . TiB 

Dac ib 2 c> ent rF^T&c" TbTc' 0"°^ coincidit cum 

reguia Slufiana^ oftenditque earn ftatim occurrere hanc methodum intel- 
ligenti. • 

• Sed methodus ipfa (priore) noftrd longe eft amplior. Non tantum enim 
exhiben poteft, cum plures funt literae indeterminate quam y & * (quod 
fepe fit maximo cum frudtu) ; fed & tunc utilis eft, cuin interveniunt ir^ 
ra^onales; cjuippe qua: earn nullo morantur modo: neque ullo modo ne- 
cefle eft irrationales tolh, quod in methodo Slulii necefle eft, & calculi dif- 
licultatem in immenfum auget. 

ti^bhfomi'i Ifrirff? t f erminu ^ inom i"'fit differentia primi termini; fecundu, terminus poten- 
i I 11 P , 0t T**- H ° C eft ^amentum methodi diferentialis a -Leibnitio 

CiTmorSia N» VTT T ? n ^ a , mentUm methodi fua! Ncwt °™ anno '669 pofueratrin analyfi 
finS^TfiLim f ^ rfim,hbus calculig . Newtonus momenta, &LeibnkiL diferentfas col-" 
legjanja?, dilcrcpant foluin in return nomiaibus. 

Quod 
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Quod ut appareat, tantum utile erit in irrationalitatibus fimpliebrihiw 
rem explanare. ^ Et primum fit in fimpliciffimis generaliter. Si fit aliqua 
potentia aut radix x*4 erit dx*=zzx*- J dx. 

Si z fit i, feu fi ** fit ^/x, erit d**, feu hoc loco i^x— {#-*d* feu 

— ; ut notum, aut facile demonftrabile. 

*v« ] t 

Sit jam binomium ; ut y/ 3 : d 4- by + cy 2 &c : quaeritur d^/' : a + by + cy* &c. 
feu dx*, pofito j ~ %, & ^ + by 4- ry 1 &c. = x. Eft autem dAr^d/ + 2cy6y 

■&c. Ergo dv*, feu — 2 ~ ^ + ^ ^ — r-. J2adem methodus adhiberi po- 

teft, etfi radices in r adicibus implic entur. Hinc fi d etur aequatio valde in- 
•cricata, ut a + bxs/y l + b^ T TTTy + bx^s/y 1 +yjT-y = o, sd aliquam 
Curvam cujus abfciffa fit y (ab) ordinata x (bc); tunc asqfaatio provenien^ 
utilis ad Uiveniendam tangentem tc, ftatim fine calculo fcribi poterit ; & 

jnit fa^c ^-4-^ 1 TF+ 7 +^ -tr 
frdy + ^bxydx x vy +yjf=i -f 2 ^' vTr ; x + ^^'^ 

= o. Seu, mutando quotientem hanc inventam jn analogiam, erit - dy 
ad dx„ feu tib ad ibic, ut omues provenientis sequationis termini, perck 
multiplicati, ad omnes ejufdem terminos per dy multiplicatos. 

Ubi fane mirum & maxime commodum evenit, qued dy & dx lemper ex- 
tant extra vinculum irrationale. Methodo sutem Slufiana omnes ordine ir^ 
rationales tollendas cfte, nemo non videt. . 

Arbitror, cru« celare voluit Newtonus de tangentibus ducendis, ab his 
non abludere. Quod addit, ex hoc eodem fundamento J quadraturas quo 
que reddi facilioreC me in fententiahac confirmat. ^J^^^jM 
« ills funt quadrabilea, quae funt ad aequatwncm ^rent^em ^qua, 
tionem difFereMialem voco talem, .qui valor ,pfius d, ^^'v^g 
ex alia derivata eft, q«i vabr ipfius * exprimebatur. Exempli gratd fit 

h+y+ty + yj 16 ' Qusritur quadra- 

turafieuL abea; quanquam fort^tepe talc tnline- 
urn S fitproditurum, quale hoc fchcmate depmx,- 
mus Defcribatur aliaCucva Ac, taksutBC [qu*] 

fir jT+hTW^W^f &c ' W lUS ° rdma " 
lit Vi -t oyy 2 J -r ij r„u ™Aa iv. renrae- 




^ffi V^Sm fubreaa AV,rep^ 
Sra^m conft?uaionis, & &b ocjtoad 
novlBC jequabitur figurae a be a. Ejufmodi theo- 
^ Jb Xt^ofvlipoflUnt&finita: ia. plciaque iubge- 

f Calculus etiam, in hisexempln allatw, acaic 
ifert ; fed nods 'mia^aprisobfcunor ^ditur. ^ 

^haraderes hi omnes eompetont. Fatetur et.am ^.hodum .Ua» i> rer*. natud« ; 

urn, qu* funt ad ^uationem drfferentukm Vd docea , ^ .ifctw wj*. 

e, eui charafteres hi omnes competuot, rel definat negare, aeTallflittltt 

Vol. IV. 4 ^ 
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Bcrafiflimis quibufdam complecli. Licet nihil refert, five feries ha? tW;, 
cantur, five ubihbet finiantur. Unde patet hanc unicam regulam nm in? 
mtis figuris quadrandis infervire, diverfe plane nature ab iis, quae hade n, 
quadran folebanf. ' H "acrenus 

PWcherrlmae funt iliac feries Newtonians, quse ex infinitis in.finitas de 
grcrant* qualis lUa eft quam exhibet pro extraftione radicum bi 10mI T 
aut ejus, quadrature Quod fi m-ipfius generali ilia *quationis afFedS- 
definite extradtione, cum fit = ay + by* + cy* &c.,& y fit & c T£ j 

•^ = 7~^ &c: i<fcn>P«ffiaripoffet; ut fcilicet, inter, extrahendum ra- 
dices ex jquatiqnibus aut binomiis, invenire liceret radicesrationalesfini- 
tas, quando e* infuntvel etiam i rationales : tunc dicerem, methodum fe. 
nerum infimtarum ad fummam perfedionem eflb perdudam 
riir?r^ et '""J 11 P^ 1 -^' difcernipolTe varias ^quationis ejufmodi ra- 
SSffi ^ 1KCe ^ e ,f °P e f ™™m, difcerni a^uationes poffibiles a!> 
3. ff V^° d fl ^y^ 8 obtinuerit vir iiv his ftudiis maximus, 

^^^^"^^"finitiirum,.. quas divifione & extta^ne intend 
in tur, vix quicquam amphus optandum reftabih H*c, fi quifquam mor- 

^^FT*™**^**"^ Mdem credo WefficiSu , 
W I aTa I 18 infimtlS) P ° ffimUS de %eremaxime naturales; quale I 
iiaud dubie illae erunt, qu* ,ta erunt compafat*, ut, cum fieri po erf zt" 

fern effa P 1UfinitaS mmi ^ indi ^^ ^d maxime natura- 

Jf ema f el1 P ere %ans 5 cujus meminit, Curvam defcribere, qua? per data 
euTvarrefcT^ ^ Hu , ddenIuS mihi ^ftelodami o4, pofle & 
^^t^ 9 ^^ 9 f^^^onc uniform! conffintenv 
quae faciei homims cujufdam noti hneamenta defigner. 

Caterum quaerendurn eft, an hoc Newton ns inv 
telligat.de pundis infinitis ut fi fit axis a 1B2A2B3A, 
&c ; m infinitum produaus; & du£e Curvae data; in- 
fimtae analytics, una AIC2C3C &c. altera A2D3D 
&c; fi ponamus aib, ib 2 a, 2A2B, 2B3A, &c.,m- 
rer le & datae cuidam quantitati f Eequafes : quieri- 
tur, an dari poflit Curva analytica, feu sequationis 
capax,quae, m infinitum produda, tranfeat(alternis) 
pe f P" u .^. a IC > 2D » 2C, 3 d, 3c, &c. Fermatius ali- 
cubi icnbit, fe methodum habere, per quam Curva : 
mvenin poffif, cujus proprietas Xpecifica data nou 

Ufc ext'enderc (Tag," C jo ^lin^: !* n f? 0 7"™™ mfinitaram, ad omnia pene problemata 

methods tangentium inverfx, & c Z TT* pendeaa '« " e 1" ea q^draturis; qualiafunt problemata 
ift*W^ ^ » S39 J ^/'P^ Newtonus, inverfa Je tangtntibus pro. 

l 5i7v 
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pertineatad unum pun£lum, ut vulgafit; cum. ordinate, referuntur ad 
paries axis;; ied ad duo quaelibet fimul, vel etiam ad tria quaeljbet funul, 

6cc rt . . . 

* Quae de-variis ferkbus fuis & noltns examinandis, atque inter fe com- 
t>arandis, dicit Clariflimus Newtonus ; in ea me immergere non audeo, aa- 
vtequam-iii gratiam curri analyfi rediero : nam harum rerum yeftigia in ani- 
. m0 meo prope non obliterata funt. Agnofco interim, pulcKerrima'& Uti- 
.liffima ab eo annotari. Eleganthlima & minime expe£!ata eft via, qua fe- 
jiem meam* 4. t - {- 1 % + 4 f Sec. dedaxit ex fua. ' ^ 

, -Quod ait, problemata methodi tangentium inverfse, efie ra poteftate ; t 
Jioc arbitror ab eo intelligi per ferns' fctlicet infinitas, # f Sed a me ita defi- 
derantur, ut Curvae exhibeantur geometrice quatenus id fieri poteft, fuppo- 
fitis (minimum)' quadratures. Exempli caufa. Cycloidem deprehendit 
Hugenius fui ipfms evolutione defcribi : diffleile autem fuiflet, credo, iol- 
vere hoc problema, invenire Curvam, quae fui ipfius evolutione defcribitur. 
Neque refert, quod curvae defcriptio quadraturam circuli fupponit: et hoc 
problema etiam ex eorum eft numero, quae voco methodi tangentmm m- 
verfs. Ita inter methodos tangentium inverfas generales eft, invenire Cur- 
vam analyticam, cujus longitudines fint areis data figure, curva analytica 
comprehenfae, proportion ales. Contrarium enim dudum poffumus. Quod 
problema arbitror non eflb infolubile, & videtur non contemnendum 
ciiius enim eft lineam, quam fpatium, organice metin. Et, reduc^. ipatio- 
rum dimenfione ad dimenfionem linearura, fobs filis m return extenhs 
jnechanica fieri poterit conftruaio ; & fpatia poterunt 111 data ratione fecan, 
jnftar linearum recliarum. ' M . IYVnT 

. Cum ait Newtonus, in veftigationem Curvae, quando tangens, vel inter- N LXMIU 
vallum tan^ntis & ordinate in axe fwmptum, eft reda conftans, non m- 
digere his methodis : innuit credo, fe intelligere methodum tangentium in- 
verfam generalem in poteftate efle, per methodos fenerum appropmquati- 
vas ; in hoc vera cafu fpeciali % non opus efle feriebus. Eg;o vero metho- 
dum qusrebam, qus accurate Curvam quaefitam exhibeat, faltem ex luppo- 
fitisquadraturis; & cujus ope ejus aequationem, fi quam habet, aut aliam 
primariam oroprietatem poflumus invenire. ^ r 

Quod ait, problemata, in quibus datur relatio inter duo latera tnanguli 
DBcTfemper poffe folvi : id verura eft ; at ex § meis quoque artibus fluit ; 

ma fuo fenfu non folveretnr, nifi Curv* ^hibeaatur gecetnec quatenus «l to poteft, & Curva, 
qua fui ipfius evolutione defcribitur, inveninpoffit per eandem foluuonem. --i^j, 
t Hoc non dixit Newtonus, fed perfpicue dixit problema m hoc cafu non md.gere methods 
duabus eenetalibus, quas Uteris tranfpofitis celaverat. Vide pag. 557. 

T pefanesfuas intelligit methodum differentialem ; ut paret ex calcuhs, »a fubjung.t. Ubt 
<^™k7^U FPblc- deCurvai.en euda, in q^-tc^l»« ^d. 
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ae fepe, ne quadraturis quidem accitis, Ampl'id'anaiy- 
tica aequatione praeftari poteft.. Ut, fi bg polita x, fitr 
db = bx + cx l + ^.v 1 ; quaeritur, qualifnam fit hax Curva,, 
quackanc tangentium habeat proprietatem :;. id eft, quae- 

nam fit aequatio relationem exprimens inter AB.feujy, & 

^ B bc ieux. Aio earn fore y = bx-^i cx z + } dx\ Si fuhTefr 

db a -\-bx -\- cx*y opus fuifletquadratura hyperbolae ad inveniendam Cur- 
vam quaditam. Generaliter. autem quomodocunque datur relatio inter duo* 
exlateribus triangulr(quod ego Charatlerijlicum, ob crebros ufus, vocare 
foleo) Temper, fuppofitis quadraturis ngurarum analyticarum, haberi po- 
teft Curva. quaefita.' Qtiod.tamenrnefcio,, an p/iEter • Newtonum praeftiturus> 
fit quifquam.. 

Mea methodo, res-uniuslineolae calculi peragitur, aedemonftratur. Sed' 
& rem infinitis^cafibus praeftare poflum, tametfi ipfa y, feu ab, ingrediatur 
in ipfius db exprefiionem* Ut,„ fi fit db.= bx -he* 1 +dx 3 +y t . fiet aequatio> 
Curva yx=bx + icx±}dx\ [Forte kgendum, 6-p-cx+dx* -y, jiet 

<equath Curv<e,.yx — bx + ¥cx* +-%dx\\ Itaqpe fi habeatur valor ipiius> 
DA, ex bc haberi poterit Curva. 

Quod veroait CL Newtonus *, non a?quererrrpraeedere, fi detur relatio* 
ipfius dr ad partem axis, fei* ad ab vel ad hoc refpondeo; mihi pque- 
facile efle, invenire Curvaanaturam vel asquationem, fi detur relatio ipfius- 
Da.ad ABj qyam fi, ut ipfe requirit,. detur relatio adsc. Gsneralem vero< 
jnethodum tangentium inverfam nondum,, quod feiarn, habe'mus. 
NMLXIX,. Sunt & alia problematum genera, quae ha£tenus in poteftate non habeo; 

quorum ecce exempla. . Sint duae asquationes^'' +.y x —xy > & x" —y>=x +jv- 
Duae- funt incognkae jy,. duajque ad eas inveniendas sequationes ; quaeri- 
tur valor tarn unius quam alterius literal . Talia problcmata vel in mime- 
ris velin lineis folyere,.dimcillimijm arbitror; fi tamen.de appropinquatio*- 
nibus agatur, puto poffe iis fatisfieri. Si quam huic dimcultati lucem af> 
ferre poteft Newtonus,- proea" qua pollet ingenii vi, multum analyfim pro- 
movebit. 

Analyfis quoque Diophantiea, feu folutio problematum m numeris ra-- 
tionalibu?, nondum perfe&ionem na£ta eft. 

Hsec annotavi feftinans, atqvre inter legendum ; ; ad reliqua majoreotio j 
ppus eft: interea celeberrimum Newtonum qusefo offkiofifiime. a. me fa- 
luta, &, poft actas maxtmas gratias, eum roga, utcommunicet continuatio- 
nem harum ferierum ; nempe polita z = ay+by 1 -^cf -^dy* &c. ait fore 1 
y ~ JL^+ifL^ &a vel • ±J±^L^L^ &c . Et fi qua alia 



uv- 



patae, in axe fnmpfum, fit refta conftens, vocabat ludum rratur».t & ejufmodi probiemata,' mira 
ifflpkxa, ab arquationibus pendere noluit, Refpondebat Newtonus, hoc problema non elTe hidui^ • 
naturae; fed ubi datur relatio qusvis interordinatsiB, & tangentem, & int«rvallum utnufqiiq i 
axe fumpturo, femper poffe folvi, idque abfque.fua methodo genera.i ; nempe per fluxionum m - 




«l»,*q«atjooibais aon pentlcre, aono fuperiore fcripjfit : jam. fluant honim folationes ex ejus 



bus,- 
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Tu rionTs radices, ita ut ex pluribus\adicibu S earn poffit mvenire, qunm 
S : item an tales habeat feries,quarum ope,extmhendo, ^uat.onis; 
nwenbntur valores finiti, quando tales infunt aequatione :■ denique quid. 
reSSutione ^uationum.quale^uloante pofur,. *t * +r =xy 9 , 
& " + r - ^ +y, ubiiilicet incognita ingreditur in exponentem. 

Qbtkus~er^m d cere, pulchram mihi videri Ciffoidts e^tenftonem in rec- 
te ,r q uam ^ W tonu;invenit,. e x fu PP ofit4 quadraturd hyperbola Ego' 
S vldeon eodem modo etiam metiri poffe Curvam hyperboltoqudatera,,. 
S nondum omnis y neque Curvam ellipfeos,- quantum memim. _ 

J£*L7m finiam,adnciam ufum-pulcherrimum fenerum, qui imprimis- 
€ £bSo.non eVit ingntus. Scis magnam efle difficultatem area ex- 
Shendas radices ex binomiis cubicis, quando eas ingreditur quantitas im^ 
ginaria, orta ex radice quadratic^ negative quantitatis; ut V + 
t + V 3 . ^7T-^=:n: ubi utraque quantitas, m & N,~eft finguhtim im- 
Iffibilis ; fumma autem, ut alibi oftendi, + eft quant.tas poffibihs & rea* 
iCqudis cuidam qu.efit^-,. Ut vero ea ex^ma^^ ut extrahaturradix,, 
nempe ut. inveniatu, j» + V - bb = V > : . 4- s/^bJ^'" ¥ ~ U = 

4;dhiterimetkodosSchotenu,ge^ Cartefianae ftbjcfta ;■ quraopus^ 
eft adeam,.ut valor ipfiusV 3 ^v/-^ cxhibeatur faltem ^ approximando , 
quod notis methodis impoffibile eft. Quis emm valorem ipfius ^ - U 
prone verum dibit ?^ necefle eft enim invenire V - 1 > <l™ autem P^ 1 ". 
mat P ,/- i appropinqunndo ? Scripfi olim-Collin.o, me remedium invenifle ; 
quod etiam ad omnes gradus fuperiores valeat : id ecce hie uno -verba.- Ex- 
Imomh ^i^+T^ extraho radicem per feriem infimtam, live per 
theorema Newtonianum, five etiam more meo~ mftituendo calcu- 
lum fecundum naturam cujufque gradus, cum ^^^2^^' 
generate abftraxiiTem : quae radix ponatur effe /^m^bb + n+p,/ -bb 
&c. Extrahatur jam & radix ex binomio altera, V 3 :f - s/ ~ ^ • 
*l-m /-bb+n-tsZ-bbkc. ut facile demonftran poteft ex calculo : ■ 
ergo | addendo haec duo- extracla, , deftruentur imaginaria; quantitates, & 

Wis *r f T pc M quadraturis quidem aCcitis ; fitnplici analytic^ aqoationc (differential! fcilicet) 

iwner.dem ei nondum innotuiffc. .... a 

®% Sumou eftquantitas triplex poffibilis, ideo^ non D ifi tnpj.ater exhiben ppteft. 
+, Examiflanda-eft hxc mc tlwdusi. 
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fiet % = zl'+zn &c. quae funteae feriei portiones, in quibus nulla reperitpr 
imaginaria. Invento ergo . valore ipfius a, quantum fatis eft propinquo, 
•queuiadinodum Schotcnius poftulat, reliqua methodo SGhoteniana, perinde 
jac in illis bmomiorum eAtrahendorum generibus,, tranfigentur. 

Junii 21, 1677. 

;N°lxx. Epijiola D. Leibnitii ad D. Oldenhurgum, 12 Julii 1677 ' data, 
.jcttm D. Newtono communicanda. Hujus extat exemplar manu 
D. Collins defer ipt urn, fi§P imprejfa eft a D. WalUfio peg, 65 a. 

Ampl'fjime Domine, 

Nuperas meas credo acceperis ; nunc iftas mature fummitto, ne facili- 
tate D. Newtoni abutamur. Rogaveram enim in prioribus, ut quaedam 
i uae epiftolae loca explicaret ; nempe quomodo inveniflet theoremata, 

qudd pofito % = ay -f by 1 + cy 1 &c. fit y = ~ - ^ + * h ~" c z 3 &c. vel y =z 

— — —r + ^—7— 2 s Sec. Nunc vero, rele&is ejus literis, video id facile non 

•tarittfnr ex ejus extra&ionibus derivari, led & altera* ilia" .methodo, fubfi- 
•nem literarum ejus expofita. inveniri; qua mequoque ■* aliquando nfum }#. 
yeteribus meis fchedis reperio ,; fed cum jn exemplo, quod forte in manus 
meas fumferam, nihil prodiiflet elegans, folita irnpatejitia earn porro adhi- 
bere neglexifle. 

Difficultatem moveram, in prascedentibus literis, circa aequationes impof- 
iibiles; quarum radices poffibiles videntur inveniri per ieries infmitas ; neo 
^dum vero ilia fublata eft, & meretur res excuti diligeutius. Illud tamen 
video, fi in asquatione data, z=ay + by z + cy" &c. literae z 8c y . fint indeterv 
minatae, tunc aequationem Temper effe poflibilem ; fed Ti z ejfet determi- 
;iata, rurfufque in ipfis a vel b &c. laterct aequatio, poffet efle impotTibilis, 
& tamen per feriem ^eneralem aliqua prodire videretur radix poffibilis ; cu- 
jus difficultatis folutionem, re diligenter expend, reperiri pofle arbltror ; 
fed nunc in ilia accuratius inquirere non licet. Meretur autem explicari, 
.turn quomodo ex feriebus agnofci poffit aequationes efl'e impoffibiles (quan- 
quam id alias fatis facile inveniatur) turn quomodo dignofcantur diverfae 
radices. 

Prater ea quse in fuperiore epiftola notavi, fcilicet methodum tangent!- 
um inverfam & geometricam (faltem fuppofitis Curvarum analyticarum 

quadraturis) 

. * D. Lejbnitius feries plures rec.iproca3 ante biennium ab Oldenburgo acceperat: methodum 
ferierum reciprocarum anno fuperiore NeVtonum rogaverat : hoc anno acceptam aegrc intellexerat : 
1; mtelle&am fe olim invenifle, cx chartis fuis antiquis mox didicit : et quamvis feries pro hyper- 
bola & circulo ante annos p'ures haberet, he hxc metliodtis ex arcu daret fmum, ex Iogflrithnio 
<|aret numenim, & fcrieruin omnium exhiberet reciprocas ; eandem tamen olim in vent-am neg- 
lexifle, ut inutilem. Sic methodum, quani diu defideraverat, rogaverat, ^cceperat, & aegre intel- 
lexerat, vel primus, vel falrcrn proprio marte fcilicet invenjt. 
f Quod Mc defideratur, Newtonus, in epiftola M noviffima. fignificayit fe alj^ua ex parte inrc 



E P I S T O L I G U M. 

quadraturis) & alia id genus, + deeft nobis circa quadraturas, ut fcire certo 
poffimus, an non quadratura figurje alicujus propofitae reducatur ad qua- 
draturam circuli aut hyperbolae : nam pleraeque figur*, haclenus traclatae, 
ope alterutrius quadrari potuerunt. Quod fi demonftrari poteft (ut arbi- 
tror) quafdam figuras non efle quadrabiles nec per circulum nec hypcrbo- 
lam; reftat, ut alias quafdam figuras primarias altiores conftituamus, ad 
quarum quadraturam reducantur caeter* omnes, quando id fieri poteft. 
Hoc quamdiu non fit, h^eremus; & faspe per feriem infinitam particularern" 
quaerimus, quod ad circuli aut hyperbolae, aut aliam notions figurae quadra- 
turam reduci poterat. Crediderat Gregorius, dimenfionem Curvarum hyper-- 
bote& ellipfeos non pendere a quadratura circuli aut hyperbolae ; ego vero 
reperi aliquam fpeciem Curvae hyperbolicae, quam, ex data ipfius hyperbolic 
quadratura,, metiri pofl'um r de ceteris nondum mihi liquet. 

Hannover a 12 JulJi 1677." 

Erevi ' poflea, awtumno fcilicet ami 1677, mors Oldenburgi huic literarum 
commercio finem impofuit. Deinde anno 1682 Collins mortuus efl, & Atta 
eruditorum Lpfa primum edit a funti ejitfque anni menfe Februario prodiit D. 
Leibnitii Quadratura Arithmetical circuli fcilicet & 'hyperbola ■; quarum prior 
non differt a Gregoriand toties- dicld, ncque pojierior ab ed Vicecomitis Broun- 
keri, ante quatuordecim annosi in Philofophicis Tranfa&ionibus N° XXXIV,, 
pro menfe Apr His 16 6$, public atd. Non multo pbf, anno fcilicet 1684, in 
iifdem atlis Lipfids pro menfe O^iobri,- Calculi Differentialis element a primum 
edidit D. Leibnit'ms Uteris G. G. L. deftgnatus. Anno autem 1683 ad f- 
nem vergente, B. Newtonus propojitiones principales earum, qua in Philofo-- 
phia Principiis Mathematicis. habentur^Londinum mi fit, eademque cum So-- 
cietate Regid mox communicatee funt ; anncque 1686 liber ilk ad ^ Societatem, 
m 'iffus efl ut imprirneretw, proximoque anno menfe Martio lucem vidtt : & ex- • 
emplar ejus D. Nicolao Futio datum efl ut ad Leibnitium mitteretur. De- 
inde anno 1688 epitome ejus, in ASlis Lipjicis imprejfa ejt : qua lecld D. Leib* 
nitius epiftolam de lineis Opticis, fchediajma de rejfentia Medii, & mot a Pro- 
jefiilium gr avium in Medio rejifente,. & tent amen de Motuum Cceleftium caujjs> 
compofuit, & in A£lis Lipfcis, intunte anno 1689, imprimi curavit ; quaf f . 
fffe quoque prcecipuas Newtoni de his rebus propoftiones ' invenifet, idque di* 
ver/d methodo, qua vias novas gecmetricas apermjfet ; & Brum Newtoni ta~ 
men nondum vidijfet. 

jHfle ; & quod invenerat, poftea publieavit in libro de Qnadraemi Curvaram. 

I Hac iicentia concelfa authores quilibet inventis fuis facile privari poflunt. Vkkrat Leibni. 
tins cpitomen libri in Aftis Lipficis. Per commercium epiftolicum, quod cum viris dortis paffim 
•hhbebat, cognofcere potuit pfopofittcnes in libro i!L) contentas. Si lilirtim non vidiflet, videre' 
tamei debuiflet, antequam fuas, de iifdem rebus, in itinere fcriptas compofitioncs publicaret. Di- 
cunt aliqui, falfas effe Tentaminis Propofitiones xi, xn & xv ; & D. Leibnitium ab his, per calcu- 
Um fuum, deduxifle Propofitiones xix & xx ejufdem tentarr.inig. Talis autem calculus ad pw- 
ppfition&s priiis inventas aptari quideai potuit, non autem iuventorem conRituerc. - 
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r , . A^r fWra Mithematica celeberrimi WaHifii duobus tomls 

habetur llbri Epitome.; m aua iequenUa leguntur, F g. .57 & 

».,,•;/« * & *r/Wm dgwwf* Leibmtmm turn cum, inter 

^ ^rrsJTviro Anr.o Ollnburgo BremenJ, S 
'3$«m* ^nc Secretary inter ipfos, ejufdem jam ? um J > ° C "* l fJ . c ^l C u- 
Jmeraumintercederet, id ejl jam Jere ann lonnot 1?*^%^^%, 
lum fuum differential, fcriefque infmtas, & pro us quoque ^d^"*™ 
Zlh ; quodWaUifius, inprafatione OperumfaB* 

nis JentJem JaciJ, prateriit, quoniam dee* fortafr ™fi^ r ffi>% 
Caterkm diferentiarum confideratto Leibnttiana, cl 0 u \ m ^! on " nJ ^ 
iZTne qls fciiicet, ut ipfe ait, caufaretur de calculo *3"*'*™^ 
fpk dsZulfuk meditatiL aperuit, qua aliunde non ?que nafabantur 
% eZ differentia analyticum quiddam, & calculi cap**, *f*^ 
fLm*reciprocum, edqi demum rationefattumfr */f u/u !?™fZ** 
J Jnusin Geometrid alt lore, quam Carte/to * Juo f^^^Z 
ordinary ab ,pfo tratlatd,procedat. Et quemadmoaum a 
teres, habebant qutdem prostata ordmatarum pro ^asc™* 
qvbus format* funt pofiea aquatwnes a CarteJlo ; itafimdiUr ^l^ J^ 
Car Jus, quippecatcubfuointratiabiks, a Geometrid exchferat, Lf" 1 *^ 
ptimL leddo aquatiUusfinitisfunt e*prej*. S 'fib ^"^'^ 
V; qud ratione, Lies earum proprieties analytico jam calculo ^S^N 
funuprorjus ut in ordinariis. % cum antea p*r ™J**™^££gZ. 
■ J thn£s^tiampr^ f*"J"*^ Jui 

nunc, ope bujus calculi, non tantum priora ilia primo <uelut obtuW paWU f«* 

-* Methodum differentialem Moutqni & Leibnltius hatxiit anno 1673. & fca ™ c ^ Olden- 
(thoduro aliara differentialem nondum habuit : feries poftea habuit, fed quas an '> -rf^o* 
feurgoaccepit, abaliisjjrws aedpercpotuiffet, Methodum generakm pervc n - MethoduW 
ferktaeno proximo ab Oldenburgo petiit, a Newtono accepit, antea non a • tfanfa)Uta - 
jpfftfafpdi ( «diccs in fpeciebus k Newtono fcnul accepit, qua methadus ejus ^ 
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tunc merito admirationi erant, fed& mulio magis abjlrufa deteguntur ad qua 
imaiinatio non pertingit, in quo confifiit potiffimus calculi analytia ufus. C<e- 
tertun ipfum cehberrimum Wallifium, quo ejl candore, non dubitamus cUam 
mflratium mditationibus.fi fufficientem earum habmffet notiti am locum am- 
fliorem in fuo open daturum fuife. Sed ipfe quentur, udtma Algebra? fua 
i>a?inL hac nofiraEruditorum Atta, in quibm bona earum pars continetur, 
minus fibi fuife vifa : unde neque ilia fatis fibi cognita ait, qua de Geometna 
incomparabiiium, vel Analyfi Infinhorum, a Leibnitio data fuere 1"*Jf»"T 
alioqui in fuo quoque opere exhibiturusfuerit. Cctterum hac occaftone & de Nt- 
colao Mercatore, quern Wallifius velut inter fuos recenfere videtur notare 
vo/uimus, Germanum fuife, & ex Hotfatid orimdum, etfi in Angltam habi- 
tatum concefferit ; eumque primum fuiffe, quantum confteU qui quadraturam 
publicedederitperferieminfinitam, tametfi tunc quoque Newtonus m eadem, 
ipfe infcio, incidijfet, eaque multo longius produxifet. 

Excerpta ex tpifioU D, J. WaHifii ad D. Leibnitium, Oxonii 1° Decemb. N- LXXUI. 

1696 datd ; qu4 refpondetur ad ea, qua ex Eruditorum modo defenp- 
■ fimus. 

- Dum h*c fcripturus eram; oftendit mihi nonnemo, heftemo die, A&a 
Uo^mo menfe Tunii pr^fentis anni 1696. Quorum eruditus editor 

tofum, mcntionem facere. Quo nomine me ipfi obftnaum fentio, & gra^ 

thodos fufl e X pofu*rim ; de Leibnmams parcm ^^J^^ ^ 
te, quern magni ^ftimo, a me quoquo modo Hum m. Sed g«t ulor po 

non fatis conftiterit ; id ommno verum eft. 

Dicam utioue quod res eft, neque enim fateri pudet . tuarum ego re 

nut nondum agnovit publice. A rnl inio. Oldcob^ire 1 m ann"> 

f Ignorant Wallifius Grcgorium banc fcrfem anno i6 7 i cam Col imo, » »' ^ 
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Alterum eft iliud de Teftudine Quadrabiii ; cujus ego, ut de tuo, men- 
tionem facio in Algebrae meae poftremo folio. Praeter haec duo fi plura 
noverim, non reticuiflem. 

Tuam Geometriam lncomparabilium, vel Analyfm Iufinitorum, quam- 
ibidem a te memoratam dixi, ego nondum vidi ; nec ejus quicquam vel de 
nomine ante inaudiveram, quam prout ibidem ad calcem Algebra? dic- 
tum eft. 

Neque Calculi DifFerentialis vel nomen audivifle me memini, nHi pofiV 
quam utrumque volumen abiblverant operae, eratque praefationis praefi- 
gendae poftremum folium fub prelo, ejufque typos jam pofuerant typo* 
thetEe. Quippe turn me monuit amicus quidam harum rerum gnarus, qui 
peregre fuerat, turn talem methodum in Belgio praedicari, turn illam cum. 
Newtoni methodo fluxionum quafi coincidere. Quod fecit, ut, tranfmotis 
typis jam pofitis, I'd monitum interferuerim. 

Sed ante monueram, Algebrae, Prop. xcv. pag. 389, qu6d folum potui", 
Leibnitium & Tfchurnhaufium talia meditatos ; led quae ego non videram, 
necdum vidi. Et ficubi forte videram literas G» G. L ; nefciebam, quern 
illae virum indicabant. 

Extant, credo, plura in Actis Lipficis ; fed quae ego non vidi :«ut nec 
tu, credo, vidifti Brounkeri Quadraturam Hyperbolae, quaeextat in Tranf- 
actionibus Londinenfibus. Mihique condonari poteft, hae aetate, qui an- 
num odogefimum fuperavi, fi non omnia fcifcitarer. 

Noveram quidem jamdudum, & indicavi, de rebus hujufmodi nonnulla 
te meditatum efle j tibique cum Newtono, mediajite Oldenburgo, intercef- 
fifle literas quafdam tuas : fed, quas ego non vidi, nec fcio quales fuerint 1 
eratque Oldenburgusdiu mortuus,"ut nonpotUerim abillo fcifcitari. Ro- 
gabam quidem per literas Newtonum noftrum, ut fi eas penes fe habe- 
ret, earum mihi cqpiam faceret literarum ; fed retulit iile, fe non habere. 
Et quidem perihTe credo flammis inopinato correptas, cum plnribusNew- 
toni fcripris meliori luce dignis : & nifi per me ftetiffet, perjiflent etiam, 
Newtoni literae. Eoque anirno rogabam, ut tuas illas cum Newtoni li-> 
teris junclim ederem. Idque etiamhum, fi ferat occafio, fadlurus forte 
fum, modo mihi dignaberis earum copiam facere *. 

Quod Henricus Qldenburgus fuerit Bremenfis ; & Nicolaus Mercator 
Hollatus, quod fuggerit eruditus editor, omnino verum efle credo ; faltem. 
Anglos non fuifte fatis novi ; eofque propterea Germanise veftras non invideo,. 
adeoque non Noftrates dixi, fed " Apud ; Nos nec tamen idea minus 
eos aut amavi, aut asftimavk Nam 'mini* perinde eft, qua quis gente fit; 
Tras Tyriujve foret A nulla difcrimine — —modo fit vir bonus & bene mea- 
tus. Sed apud nos diu vixerant ; & quicquid hac in re fecerint, apud nos 
faclum eft. 

Quae fuGus expofui, ut fentias quam tibi nan iniquus fuerir% aut parum 
candid us. 

167$ cum Leibnitio communicate ; & prsterea Leibnitrum in Anglia fuifle anno 1673. Colft- 
nius entm, ab anno 1670 feries, a Newtono & Gregorio acceptas, rogatus dod rogatus liberrime 
neeftieja£tantia coinmrnicavit, ut ex fuperioributr patet. Et Pclliua, cui h?e feries iguotae 0<>n 
cum Lcibnitio de feriebus veiba habuit. • ' 

Ex 
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Ex epiftold D.Leibnitii ad Wallifium Jcriptd, 44 Martii, meunth N'LXXiv. 

anni 1697. 

— Quoniam videris nonnulla, in Aais di£a, ita accepiffe, quafi ani- 
mi parume"rga Germanos aequi accuferis, & quafi vicimm tua recenfcendo - 
extenuentur! putavi non ingratum tibi fore, fi epiftolam dominis editon- 
bus Adorum fcriberem, cujus hk;exenjplurn addo ; qua* fi ipfis ' videretur, 
Aais iifdem inferta, fatisfieri tibi, fcrunulis illis fublatis, poflit. [tlaDe- 
tur in Aftis Lipficis pro menfe Junto 1697.] ■ ' • . 

Ego qui te magni facio, & ; publice profeffus fum, quantum meo judicio- 
tibi debeat akior Geometm, aequiflimum puto viris prsclare, non de luo 
tantum feculo, fed & pofteritate meritis debitas gratias rependi. yj.au- - 
tem animi meicertior effe poffis, ecce verbo tenus tranfcnpta, quae iple^de 
tuis meritis geometricis dixi, Aaorum Lipfienfium menfe Junio i630, . 

Paucis dicam, quid potiffimum infignibus noftri feculi Mathematicis 
« in hoc Geometric genere, me^ fententid, debeatur. Arr u: mp . 

» Primum Galikeus & Cavallerias involutimmas Potion is & Archime- 
" dis artes 'detegere cceperunt. ........ r • «A« nifi 

" Sed Geomltria Indivifibilium Cavallem fcientue renafcentis non mfi 
« infantia fuit. Majora fubfidia attulerunt triumviri celebres ^rmaauj, 
« invent! methodo de Maximis & Minimis ; Cartefius, ^f^^ 
« neas geometric communis (tranfcendentes emm exc lufit) «P««^i . 
« per aequationes: et P. Gregorius a S. Vincentio, mulus praeclans m- 
« venS Quibus egregiam Guldini regulam de Motu Centn Gravitatis 



. « Sed & hi intra certos limites conftitere j quos tranfgreffi funt Huge- 
•< nius&Wallifius, geometrirmclyti. Satis emm probabile eft, , Huge 
- nianaHeuratio, ^Wallifiana Nelio & Wrennio, ^P^.^^ 
quales reftas demonftravere, pulchernmoruin^ inventory o^fioncm : 
dediffe. Quod tamen meritifiW laudi inventionum nihil detrah t. 
« Secutifbnt hos Jacobus Gregorius Scotus, & Ifaacus Barrovius Au- 
« glus: qui prxclaris in hoc gentre theorematibus fcientiam minfice lo- 

"intetea Nicolaus Mercator Hoifatus, Mathematicus ^f j^ 
« tiflimm, + primus (quod fciam) quadraturam aliquam dedit per benem 

" «A?\<km inventum non fuo tantum marte aflecutw eft , ^ & ^ 

« verfallquMam rationeabfolvit, profundiftimi mgenu ^^.^ 
Newtonus. Qui, fi fua cogitata ederet, quae ilium , adhuc ^ 
telligo, haud &bih nobis novos. aditus ad magna fcienti* mcrementa 

«' compendiaque aperiret." 

* Eas tandem obtinuit D. Wallifius e fchediafmatU CollinU; altera, Newtoni olim acceperat • 

% < 1& V -n««l>. Pe d^Wallifianamtan^d^v^ut 

^p^ ^ D a Quibus 
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Quibus deinde nonnihll de iis addo, * quae mea* opera acceflere ; pra*- 
fertim dum novo calculi genere effeci, ut etiam Algebram tranfcendentia 
ai ayfi fubjiciantur 1 ; & Curvas,- quas Carfefius a geometria male exclufe- 
rat, fuis quibufdam + aequationibus explicare docui ; unde omnes earum 
proprietates certo calculi filo deduci pblfunt: exerhplo Cycloidis, cui 33- 

quatkraem ibidem afiigno, y = sfzx - xx + f -7^=. Ubi f fignificat film- 

mationem; & d, diflerentiationem ; x 9 abfciflara ex axe inde a vertice * 
Scy, ordinatam normalem. 

De te autem queri, nunquam mihi in mentem venk ; quem facile appa- 
ret noftra, in A&is Lipfienfibus prodita, non fatis vidhTe. 

Quae inter Oldenburgum & me commutatiE funt literae, quibus aliqua 
accefferint a D. Newtono excellentis ingenii viro, variis itinewbus & nego- 
tiis, ab hoc ftudiorum genere plane diverfis, vel periere, ut alia multa ; vel 
jacent in mole chartarum aliqiiando excutienda digerendaque, ubi a ne- 
cefiariis occupation i bus vacatio erit ; quam mihi tarn fubito quam. vellem 
promittere non poflum. 

N°lxxv. Exeptjlold Wallifu ^D. Leibnitium, Apr. 6, 169.7. 

Fir Nobilijime Celeberrtmeque, 

Literas tuas humaniffimas, Martii 44. Hannoverae datas, accepi, & ex^- 
ofculatus fum, Martii i^ftilo noftro 1697; hoc eft, Apr. 10, ftilo novo. 
Mihique gratulor, quod nobiliffimo viro ego meaque non difplicuerint. Ve- 
niam interim exorare debeo, fi locorum diftantia fecerit, ut eruditiffima 
tua fcripta, & inventa, minus ego fciverim aut intellexerim, quam vellem ; 
& quidem^ quis fit ille tuus Calculus Differentialis, non fatis- mihi comper- 
ttimfit; nifi quod mihi nuper nunciatum eft, eum cum Newtoni DodtrinaV 
Fluxionum quafi coincidere.' 

* Nec pudet me meam h&c ill parte ignorantiam fateri ; qui jam ab aliquot 
annis contentns fuerim, hdc aetate, lampadem tradere ; aliifque permit- 
tere, ut promoveant ea. quas, fimia, ego non infeliciter detexerim. 

Quod literas fcripferis, in mei gratiam, ad editores A&orum Lipficorum, > 
fjfvon tuo debeo, & grates habeo. 

Quis eorum ille fit,, qui mea fcripta recenfuit in A&is Lipficis promenfe 
Ju:m 1696, ego quidem non fcio; fed ei gratias habeo. Neque enim. eft, 
cur ego ei fuccenfere debeam, fi non primo intuitu ftatim perfpexerit- 

omnia 

* Leibnituis, recitando inventa nova mathematics, prsetermittit methodum fluxionum ; quafi 
analyfis tota infiniteftmalis fola fua opera acceflerat. 

+ Annon Newtonns hujufmodi a:quationes prius invenit ; qui docuit fluentem ex sequatione 
tuxionem mvolvente extrahere, & Curvas Meclianicas ad asquationes numero teroimorum infinitas 
rt uxu pergendo ab hujufmodi aequationibus finitis? Annon tdta Fluxionum methodus inverfa, 
iir>ide Lurvis agUur, pendeat ab hnjufmodi jcquationibus ad Curvas applicatis f 
VUml ~ • > ! " S h ° C I,0n advertiffet anno j6 ?7» ubi primum incidit iu methodum Newtoni. 

•aeJittera* ejiifr fupra impreiTas, p. S 6i. Certe methodum Newtoni, ante annum 1671 inventam 
fwrf' f itm CX litteris e i" s intellexerat, led in Aai. Liplicw hoc nunquam agnovit. Vide 
wpM,p. 4»i| 544* 545* ^ic & k ab Oidenburgo ferics Ncwtonianas 8c Gregorianas, ineuote 

anno 
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omnia,* quae penitus rimanti occurriflent, aut etiam fint occurfura. Suffi- 
cit enim iriftituto fuo, ut fumma quaeque carpat, & magis obvia ; le^lori- 
bus permittendo, fi penitiora defiderent, apud autliores indicatos qu^rere. 
Nolim autem exiftimes, quod in gentem veftram minus; aequo fim animo; 
nam fecus eft, &c. 

Ubi dicitur, Nicolaum Mercatorem prlmum ejfe qui quadraturam aliquant 
dedit per feriem infinitam: vide annon > mea talis fit, Ar. Infin. Pr. 191. 
3 x 3 x S x S x 7 x 7X9 xoy E Br-ounhri Q j=z 

It, 

Sed & omnes mearum tabellarum feries, in Arithmetica infinitorum, funt 
Series tiifinitae ; & earum plurimar, quales quas vobis dicuutur, novo nomi- 
ne, feries Tranfcendentales. 

Nolim utique ut Clariflimo viro fraudi fit nova compellatio. Nam quas 
ego vocaveram Continuas Approximation es, vocat Jacobus Gregorius Se- 
ries Convergentes ,; & Newtonus, Series Infinitas ; fed res eadem eft. Sic 
qjuod ego vocaveram Centrum Percuflionis, vocat Hugenius, novo nomine, 
Centrum OfciUationis ; fed eadem res eft. Et Fermatii Hyperbolas Infi- 
nita3 eaedem funt cum meis Seriebus Reciprocis. Et Galilaei Cycloides, 
Merfenni Trochoides, mea Cyclois, & Cufani Curva, quocunque nomine 
dicatur, funt res eadem. Sic re&ificata Curva Nelii, & Curva Heuratii, & 
Curva demum Fermatii, eadem eft cum mea Paraboloide Semi-cubicali. 
Et Gallorum Socia Cycloidis eft ea Curva, quae mihi terminat figuram Si- 
nuum reaorum. Et, ni fallor, fie faltem mihi nunciatum eft, Newtoni 
Do&rina Fluxionum res eadem eft, vel quam fimillima, quae vobis dicitur . 
Calculus Differentialis : quod-tamen neutri pnejudicio efle debet. 

Ex ep'tftold D. Leibnitii ad Wallifium fcripta, 28 Maii 1697. N s lxxvi, 

Methodum Fluxionum profundiffimi Newtoni, cognatam efle methodo 
mes£ Differentiali, non tantum antmadverti +, poftquamopus ejus & tuum 
prodiit; fed etiam profeffus fum in Adis Eruditorum, oValias quoque mo- 
nui. Id enim candori meo convenire judicavi, non minus quam lpfius 
merito. Itaque communi nomine defignare foleo § Analyfeos hifmiteflima- 
lis ; qu«e latius quam methodus Tetragoniftica patet. 

anno 1675, accepifle, ftatim oblitus eft ; p. 517-5". 5"- Ec niethodum ferierum fe ab O!- 
denbureo poftulafle, & a Newtono accepiffe, Hatun oblitus eft ; p. 5f», 535. 536. 567 Lt pro- 
blemata tangentium inverfa ab xquationibus & quadratures pendere, ie prur.um negafle, & iub.ute 
a Newtono didicifle, ftatim oblitus eft; p- 544» 557. 55 8 - „ , . , T ., . 

§ Methodum fluxionum & methodum differentialem effe unam & eandem methodum, I* ,bnw 
thlhicagnofcit; ideoque fe comr.uni nomine analyfeos mhmtrfrnalu deflgn-re lb kre , ^ 
nonnullisdifferre poffint : ut analyfis fpeeiofa Vietx & ea Carteiu in nonr.ulhs d^.unt. Clff*r.. 
tur qui! fit analjLs hujus infinitefimalis inventor primus » & ec V .,d alter alterms mvcntn ad. , 

diderit - Interim, 
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Interim, quemadmodum & Vietae & Cartefiana methodus Analyfeos 
Speciofae nomine venit ; difcrimina tamen nonnulla fuperfunt : ita fortafle 
& Newtoniana & Mea differunt in nonnullis. 

Mihi confideratio difFerentiarum & fummarum, in feriebus numerorum, 
* primam lucem afFuderat, cum animadverterem differentias tangentibus, ; 
& fummas quadraturis refpondere. Vidi + mox differentias differentia- 
rum in Geometria O [cults exprimi. Et notavi mirabilem analogiam rela- 
tionis inter differentias & fummas, cum relatione inter potentias & radices.., 
Itaque judicavi, praeter affectiones quantitatis ha&enus receptas jy, jy% y\ 

y*,yK &c. vel generaliter y, five [p']y, vel potentiae ipfius y fecundam 
exponentem e\ polle adhiberl novas differentiarum vel fluxionum affec- 
tiones, dy, dj (feu ddjy) d'y (feu dddy) imo utiliter etiam occurrit d^y, & 
limiliter generaliterque d'y. 

Hac jam affectione admifla, j; vidi commode per aequationes exprimi 
poffe quantitates, quas a fua Analyfi & Geometria excluferat Cartefius ; & 
Curvas, quas ille non recti vocat Mechanicas, hac ratione calculo non mi- 
nus fubjici, quam ab ipfo in Geometriam receptas. Et, quemadmodum 
Veteres jam aequationes Curvarum Locales obfervaverant, fed Cartefius ta- 
men utiiem operam nobis navavit, dum eas calculo fuo expreffit : ita putavi, 
me non inutiliter fa&urum, fioftenderem methodum Curvas, ab ipfoexclu- 
fas, fimiliter per aequationes exprimendi ; quarum ope, omnia de iis certo 
calculi filo haberi poffint. 

Et licet fatear, quemadmodum rem ipfam, in aequationibus Curvarum 
localibus facilioribus, calculo Cartefii expreflam, jam tenebant Veteres ; 
ita rem ipfam, meis aequationibus differentialibus facilioribus expreflam, 
nan potuifle tibi, aliifque egregiis viris, efle ignotam : non idep minus tameu 
putQ, & Cartefium & me aliquod utile praeftitiffe. Nam antequam talia ad 
conftantes quofdam characteres calculi analytic! reducuntur, tantumque 
omnia vi mentis & imaginationis funt peragenda, non licet in magis com- 
pofita abditaque penetrare ; quae tamen, calculo femel conftituto, lufus 
quidem jocufque videantur. 

Unde jam mirum non eft, § problemata quaedam, poft receptum cat- 
culum meum, foluta haberi, quae antea vix fperabantur : ea praefertim quae • 
ad traniitum pen bent a Geometria ad Naturam. Quoniam fcilicet vulgaris 
gecmstria minus fufficit, quoties Infiniti involvitur confideratio ; quample- 
rifque Naturae operationibus ineffe, confentaneum eft, quo melius referat 
autorem fuum. 

* FatcturhicLeihnitim, methodum tangentinm per differentias primam kccm ipfi affudiffe ; d 
eft, methodnm, quam Fermatius, Gregorim, Barrovius coliaere, Neurtonui N" X. ad quanti- 
tatMm augmenta momentanea generaliter applicuit. Hancce tangentium methodum Leibnilhu, 
IcAjs Newtonianis, meditatur, p. 523, 544> 558, SS9 . generalem reddit, p. 503 : & Newtonian* 
ftmilem efle ftatim videt, p. 561, 564. 

f Fcrimtius & Schootenus hoc ante viderunr, deterra'mando punftum flexfls contrarii in Coa- 

t Leibnitius hoc non vidit ante annum 1677. Scripfit enim anno 1676, inverfa tangentium 
problemata, & alia multa, ab squationihus non pendere. Refcripfit Newtonus, hnjufmodi proble- 
mata in potcftate cffe, nempe per squationes fuas. Et turn dctnum Lcibnitius, a Newtono ad- 
moMtMi, h« vidit. Vide p. 538, lin. penult. 

Hugenius 
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Hugenius certe, |j qui haec ftudia haud dubie profundiflime infpexerat, 
rnultifque modis auxerat, initio parvi faciebat calculum meum, nondum 
perfpe&a ejus utilitate. Putabat enim, dudum nota fie tan turn nove expri- 
mi : prorfus quemadmodum Robervallius, & alii initio, Cartefii Curvarum 
ealculos parvi faciebant. Sed mutavit poftea Hugenius fententiam fuam ; 
cum videret quam commoda eflet hsec exprimendi ratio, & quam facile per 
earn res involutifTimas evolverentur. Itaque maximi earn a fe fieri, aliquot 
ante obitum annis, non tantum in privatis ad me aliofque Uteris, fed pub- 
lice quoque eft profeflus. 

Caeterum Tranfcendentium appellationem, nequid a me prater ratio- 
nem in phrafi geometrrca novari putes, fic accipio, ut tranfeendentes quan- 
titates opponam ordinariis & algebraicis: et Algebtakas quidem, vel ordina> 
rias, voco quantitates, quarum relatio ad datas exprimi poteft algebraice ; 
id eft,, per aequationes certi gradus ; pfimi, fecundi, . & tertii, &c; quales 
quantitates Cartefius folas in fuam Geometriam recipiebat : fed Tranfcen- 
■dentes voco, quae ornnem gradum talgebraic\im tranfeendunt. Has autem 
exprimimus, vel per valores infinitos, & .in fpecie. per feries (neque enim 
jpfasferies Tranfcendeitfales voco, fed quantitates ■ ipfis exprimendas) vel 
per aequationes fini«tas; eafque vel differentiales ; ut cumordinata cycloidis 

methodo mea- exprimitur per aequationem **jv = f ^l^- ; vel exponen- 
tiates ; ut .cum incognita quaedam x exprimitur per hanc aequationem x* -f- 
*=i.- Et. quidem tranfcendentium exponentialem pro perfeaiffima. habeo? 
^uippe qui obtenta, nihil .ultra quasrendum reftare arbitror ; quod fecus eft 
jnxaeteris. . 

Primus autem, ni fallor, etiam Exponentiales aequationes introduxi* 
cum ignota ingreditur exponentem. Et jam anno primo ft Aaorum Lip- 
nenfium, fpficimen dedi in exemplo quantitatis ordinariae Tranfcendenta- 
liter expreflsE, ut res fieret inteiligibilior ; nempe, fi quaeratur x x + x = 30, 
patet x — 3 fatisfacere ; cum fit 3 3 + .3 = 2 7 + 3 — 30 . 

Ex epiptt WallifiLW Leibnitium, . Jiilii 30, 1 mLXXVU. 

Qptav,erim ita, ut tibi vacet tuum Calculum DifFerentialera, & Newtono 
fuam Fluxionum Methodum, jufto ordine exponere ; ut.quid fit utr>que 

§ Mirum eft, h*e a D. Leibnitio die. j qui ex Uteris & Principiis Newtoni intellexerat, metho- 
dum folvsodi bujiifinodi problemata Newtono, ante annum i6 7 », inaotuHTe j fc^ipfum primuai, 
«r hanc -nethodum, problemua tradafle, qua ad.tra.fitum pertinent a g^metria ad ^^ m - 
*1 Hugeous litem.; iu* inter Newtonum & Leibnitium mediante Olctehburgo mterceflerant, 
nunquam vidit. . ^ x 

** Legendum yni f *^ - Hem fic deiignari, poteft y ~ ^^^'^^ZZ 

»j ax xx Wax — xx « 

Et nota, quod ubi different!* referuntur ad fummas, reflius dicerentur partes €n '™ 
different! i fummarum, fed partes; & nullam relationem habent ad fummas, mh. qoatemn Autt 
carum partes. 

ff Imo anno 1677. Vide pag. 560, 564. 
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commune, " % & quid interfit difcriminis, & utramque diftin&ius intelli- 
gamus *. 

N'LXXVill.'/tf differtatione D. Nicolai Fatii Duillierii, S. S. de inveftigatione geome- 
tric a Unece brevfjimi defcenfiis, &c. Londini, anno 1699 editd t pag. 18, 
'hac habentur. 

" Newtonum primum, ac plurlbus annis vetuftiffimum, hujus calculi 
e< inventorem, ipia rerum evidentia coaclus, agnofco: a quo utrum quic- 
" quam nuituatus fit Leibnitius, fecundus ejus inventor, malo eorum, 
" quam meum, fit judicium, quibus vifae fuerint Newtoni literae, aliique 
" ejufdem manufcripti codices." 

Et refpondit D. Leibnitius in Ac! is Lipftetifibus menfe Maii 1700, 

*' Certe cum elementa calculi mea edidi anno 1684, -J- ne conftabat 
4t quidem mihi aliud de inventis ejus in hoc genere, quam quod ipfe olim 
" fignificaverat in literis; pofle fe tangentes invenire, non fublatis irratio- 
'* nalibus t quod Hugenius quoque fe pofle mihi flgnificavit poftea, etfi 
" caeterorum iftius calculi adhuc expers : fed majora multo confecutum 
'* Newtonum, vifo demum libro Principiorum ejus, fatis , intellexi. Cal- 
" culum tamen differential! tarn iimilem ab eo exerceri, non ante didici- 
** mus, quam cum non ita pridem magni geometrae Johannis Wallifii Ope- 
*' rum volumina primum & fecundum prodiere, Hugeniufque, curiofitati 
*' meae favens, locum hide defcriptum, ad Newtonum pertinentem, mihi 
** mature tranfmifit." 

Et poft aliqua, de methodi hujus parte fublimiore verba faciens, addit: 
" Quam [methodum] ante dommum Newtonum & me nullus quod fciam 
« geometra habuit ; uti ante huhc maximi nominis geometram, nemo, 
" lpecimine publice dato, fe habere probavit : ante dominos Bernoullios & 
*' me nullus communicavit." 

£>. Fatio autem repl'tcationem fuam ad editoresUipCwn{e&, utpublicaretur^ mit- 
tente, hi, quafi Htes averfati, e and em Aft is fuis inferere recufdrunt. Vidt 
A&. Lipf. Martii 1701, pag. 1134. 

* Ut Leibnitius differentiam methotfomm exponat, iterum rogat Wallilius ; fed fruftra. 

t Conftabat certe J). Leibnitio, Jam ab anno 1677, Curvarum quadratures faciliorcs reddi ; 8« 
problemata tangentifafln inverfa D. Newtoni methodis folvi; idque nonnunquam per quadratura* 
folas, nonnunquam per methodos generaliores. Confer literas ejus pag. 561, & %. cum pag. 
5*4, 545, 5^7, 55 8 > ut Sc-cum pag. 5x0, lin. 25, 26, & pag. 523, lin. 4, 7, 17. 

X Compdatores Aftorum, in fcribendis librorum Breviariis, tl cenfuris temerariis abflinere de- 
bent. Ex hac cenfura patet animus fcriptoris in D. Newtonum. 

.5 Literis D. T. Tfchurnhaufius defignatur. 

|| Hac IfagogR, & fcholium propofitionis ultima, fcripta funt ubi liber prodiit ; reliqua ex MS 
antiquo, manibus amicorum trito, impreffa funt. 



4 



Tandttn 



EPISTOL ICUM. 



577 



"Tandem ubi prodiere Newtoni Libri de Numero Curvarum fecundi generis^ de-VP LXXIX. 
que quadratura figurarum, editor es Aclorum Lipfienfium, Jlylo Leibnihana, 
fynopfin libri prions his verbis concluferunt. Fide AS. Lipf. Januani 1 705. 

Caterum autornon attigitfocos, vel umbilicos, Curvarum fecundi generis; & 
multo minus generum altiorum. Cum % ergo ea res abflrufiorts Jit indaginis, 
& maximi tamen in hoc genere uftis, turn ad defcriptiones, turn ad alias pro- 
prietates Curvarum, & doSlrinu hacfocorum ab illujlrifimo D. § D. T. profun- 
dus Jit verjata ; fupplementum ejus pro his Curvisab ipfius ingemo cxpetlamus. 

Dein libri alterius fynopfin fequentem, fi fynopfis did mereatur, eodem 
* ftylo fubjunxerunt. 

IngeniojiJJimus deinde autor, antequam ad quadraturas Curvarum, vel 'pot J us 
figurarum curvilinearum, || veniat, pramittit brevem Ifagogen. %ux ** ut 
melius intelligatur, fciendum eft, cum magnitudo aliqua continue crejat, velutt 
Jinea, exempli gratid, crefciifluxu puncli quod earn defer 7 bit, ft tncrementa 
ilia momentanea appellari differentias ; nempe inter magmtudmem qua autea erat, 
t§ qua? per mutationcm moment ane am eft produEia ; atque kmc natum ejfe cal~ 
cidumdiff rentialem, eique reciprocum Jummatorium ; cufus elementa a b inven- 
tor e D Godejrido Guilielmo Leibnitio in his ASlisfunt tradita\ vanique ufus 
tumab ififo, turn ADD. Fratribus Bernoulli, turn & D. Marchione Hof- 
pitalio (cuius nuper extinSti immaturam mortem omnes magnopere dolere debent, 
quiprofundioris do$lrin<e profeSlum amant J funt ofenfi. Pro difterentus igttur 
Leibnitianis D. Newtonus %% adhibet, femperque adhibmt, fuxiones ; qua 
funt quam proxime ut fluenlium argumenta, aqualibus temporis particuln 
qu^m minimis genita ; iifque, turn in fuis Principiis Natura Mathem.ticu, 
turn in aliis poftea editis, eleganter eft ufus ; quemadmodum & Honor atusFabnus 
in fud Synopfi Geometric -a, mot uumprogr ejus Cavallerian* methodo fuojtituit. 

Subinde editores vice fymbolorum Newtoni defcribunt fymbola Leib- 
nitii, & poftea librum Newtoni fie breviter attingunt. 

Cum regrejfus a diferentiis ad quantitates, vela quantitatibus adfummas vel 
denique d Huxionibuiad fluentes nonfemper algebraice fieri pojfit ; tdeo quarendum 
eft turn quibus cafibus quadratura algebraice fuccedat, turn quomodo, algebraico 
fuccefludeficiente, aliqmdjubfidiarium adhiberi queat . In utroque emm a D. Neiv- 
tono ejl utilfirne labor atum, turn alids, turn in hoc traclatu de quadrature ; uh 

** Utlfaeoee meluuintelligatur, Leibnitius defcribit calculmu fuum differentialem, & omittit 
calculum Newtonianam, quem folum defcribere debuiffet. Hoc fecit, non ut calculus xNewto- 
nianus, in Ifagoge tradhus melius inteliigitur, fed ut rej.ciatur. 

+t incremfnfa ilia momentanea Xcwtonu. momenta, Leibmtiuf poftea ^fferent.as vocav.t. U 
inde natum eft nomen calculi dia'erentiahs. .. T ., . . . rua - t - t „„„„,„ j 

A Senfusverborumcft, quod New tonus fluxiones different,.. LeAnU.an.s fubfntu.t, quemad- 
modum Honoratus Fabrius Inotuum progreffu. Cavallerianx methodo {«bf t«r.t j.d eft quod 
Leibnitius author primus fait hujus methodi, & Kartonu. euden a Leibmuo Jubwt, fubft.tu- 
endo fluxiones pro differentiu. /•„;., 

Vol. IV. 4E J' rm 
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feries adbibet infinitas; qua, eo cafu quo abrumpuntur, feujiniuntur, quafitum 
algebraice exhibent. De * quo etiam dittum eji nuper in recenfione tratlatus D. 
Cheynai, Medici Scoti Londini degentis. Conferri etiam pot eft tradiatus D. 
Craigii Scoti de Quadraturis, & ejufdem theorema ad quadraturas pertinens, 
nuper in his Aflis exhibitum ; qua faciunt etiam , ut ipjis theorematis Newtmia* 
nis recenfendis foperjedeamus, quia paucis exponi non pofjunt : quemadmodum 
fiec ejufd m theoremata qua dam reduSlionis ad quadraturas faci Hares. 

His permotus D. Joannes Keill, in epiftola in Philofophicis Tranfa&ioni- 
bus A. C. 1708, menfibus Septemb. & O&ob. imprefla, fcripfit in con- 
trarium, quod Fluxionum Arithmeticam, fine omni dubio, primus in- 
venit Dominus Newtonus, ut cuilibet ejus epiftolas, a Wallifioeditas, le- 
genti facile conftabit. Eadem tamen arithmetica poftea, mutatis no- 
mine & notationis modo, a Domino Leibnitio in A&is Eruditorum edi- 
ta eft. 

N'LXXX Eptftola D. Leibnitii ad D. Hans Sloane Regia Societatis Secretarium, 

4 Martii S. N. 1 7 1 1 data. 

Gratias ago, quod noviffimum volumcn praeclari operis Tranfa&ionum 
Philofopbicarum ad me mififti ; quamvis nunc demum mihi, Berolinum 
cxcurrenti, redditum fit. Itaque excufabis, quod promunere fuperioris atini 
nunc demum gratiae, dudum debitae, redduntur. 

Vellem infpeclio operis me non cogeret, nunc fecunda vice, ad vos quere- 
lam deferre. Olim Nicolaus Fatius Duillierius me pupugerat, in publico 
fcripto, tanquam alienum inventum mihi attribuiffem. Ego eum in A&is- 
Eruditorum Lipfienfibus meliora docui ; & vos ipfi, ut ex Uteris a Secre- 
tary Societatis veftrae inclytae (id eft, quantum memini, a teipfo) fcriptis 
didici, hoc improbaftis. Improbavit Newtonus ipfe vir excellentiffimus, 
quantum intellexi, praepofterum quorundam hac in re erga veftram gen- 
tem & fe ftudium. Et tandem D. Keillrus in hoc ipfo volnmine, menfe 
Sept.Oftob. 170&, pag. 185, renovare ineptiflimam accufationem viius eft ; 
cum fcripfit, Fluxionum Arithmeticam a Newtono invent am, mutato nomine 
& notationis modo, d me editatn fuifle. Quae qui legit, & credit, non poteft 
non fufpicari, alterius inventum a me, larvatum fubdititiis nominibus cha- 
ra&eribufque, fuifle protrufum. Id quidem quam falfum fit, nemo melius 
ipfo D. Newtono nov'tt. Certe ego nec nomen calculi fluxionum fando 
audivi ; nec characteres, quos adhibuitD. Newtonus, his oculis vidi, ante- 
quam in Wallilianis operibus prodiere. Rem etiam me habuiffe, multis 
ante annis quam edidi, ipfas literac apud Wallifium editae demonftrant. 
Quomodo ergo aliena mutata edidi, qua ignorabam. 

Etfi autem D. Keillium, a quo magis praecipiti judicio quam malo animo 
peccatum puto, procalumniatore non habeam ; non poffum tamen non ip- 
iam accufationem in me injuriam pro calumnia habere. Et quia verendum 

eft, 

* Senfus eft, quod on* Newtonus habet in hoc tra&atu de quadraturis, & fpeciatim de qua- 
flratum nns ubi enes abrumpuntur, vel rmiuntur, a Cheynseo & Gmigio prius ditfa funt, & m 
H* Aens nuper exrubita ; qUa , quia multa funt, faciunt, ut a New tonianis receufendis editores Ac- 

toruin 
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eft, ne fa?pe vel ab improbis, vel ab imprudentibus repetatur ; cogor reme- 
dium ab inclytaveftra Societate Regia petere. Nempe asquumefle vos ipfi, 
credo, judicabitis, ut D. Keillius teftetur publice, non fuiffe fibi animum 
imputandi mihi, quod verba infinuare videntur, quafi ab alio hoc quicquid 
eft inventi didicerim, & mihi attribuerim. Ita ille& mihi Ixio fat^tacict, 
& calumniandi animum a fe alienum efle oftendet ; & aliis, alias fimilia ali- 
quando jadlaturis, fraenum injicietur. Quod fupereft vale & five. 

Dabam Berolini 4 Martii 1711. 

Epijhla D Johaunis KeiLl, A. M. ex Mde Chrifti Oxon. R. S. Socii\ ©"N'LXXxr. 

jam Ajironom'uv Profejbris Saviliani, ad D. Hans Sloane, M. D. Rigirf 

Societatis Secretarium, cum D. Leibnitio communicanda. 

Cum D. Leibnitii epiftolam mecum Vir CI. communicare dignatus lis ; 
«a etiam, quae mihi vifum fuerit refcribere, ne graveris accipere. Sentio 
virum egregium acerrime de me queri, quafi ei injuriam lecerim, & re- 
rum a fe inventarum gloriam alio tranftulerim. Fateor querelam hanc ideo 
mihi moleftarn efle; quod nolim, ea fit de me hominum opinio, quafi ego 
calumniandi ftiulio, cuiquam in rebus mathematicis verfanti, nedum viro 
in iifdem verfatiffimo, obtredarem ; certe nihil ab ingenio meo magis alie- 
num eft, quam alterius laborious quicqu am detrahere. 

Agnofco me dixifle fluxionum Arithmeticam a D. Newtono inventam 
fuifle, quae mutato nomine & notationis modo, a Leibnitio edita fuit. Scd 
nollem haec verba ita accipi; quafi aut nomen, quod methodo luae impoluit 
Newtonus, aut notationis formam, quam adhibuit, D. J^eibnitio iniiotu* 
iffe contenderem : fed hoc folum innuebam, D. Newtonum fuifle primum 
inventorem Arithmeticae fluxionum, feu calculi differentialis ; eum autem 
in duabus ad Oldenburgurn fcriptis epiftolis, & ab illo ad Leibnitium tranf- 
miflis, indicia dedille, perfpicaciftimi ingenii viro fatis obvia, unde Leib- 
nitius principia iftius calculi haufit, vel fa item hanrire potuit : at cum lo- 
quendi & notandi formulas, quibus ufus eft Newtonus, ratiocinando affe- 
qui nequiret vir illuftris, fuas impofuit. 

Haec ut fcriberem, impulerunt A£lorum Lipfienfium Editores ; qui in eA* 
quam exhibent, operis Newtoniani de fluxionibus feu quadraturis enarra- 
tione, diferte affirmant D. Leibnitium fuifle iftius methodi inventorem; & 
Newtonum aiunt pro differentiis Leibnitianis fluxiones adhibere, femper- 
<jue adhibuiffe. Id quidem in iifdem fcriptoribus obfervatu dignum ; quod 
loquendi & notandi formam, a Newtono adhibitam, in Leibnitianarn paffim 
in eadem enarratione transferunt ; de dirFtrentiis Icilicct, & fummis, & cal- 
culo lummatorio loquuntur, de quibus eft nullus apud Newtonum fcrmo : 
qua'i inventa Nevvtoni Leibnitianis pofteriora fuerint, & a calculo Leib- 
nitii, in Actis Lipfienfibus anno 1 684 defcripto, ortum derivarint. Cum re- 
vera Newtonus, ut ex fequentibus patebit, fluxionum methotlum invene- 
rit, oclodecim faltem annos antequam Leibnitius quicquam de calculo dif- 

tomm fuperfedeant. F.t eodem fenfu D. Leibnitius ad Secretarium Societatis Regise nuper fcrip- 
fit, fuum cuique hie redditum effe, quafi fecundam Xewtooi ad Oldcnburgum epiilolam, ad fe 
tniffam, & fupra iiniircflam nunquam legiflet. Vide pag. 544— 547- . ... 

4 E 2 ferentiaii 
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, ferentiali edidiffet, tractatumque de ea re confcripferit ; cujus cum fpeci- 
mina qusedam Leibnitio often fa fint, rationi non incongruum eft, ea adi- 
tum illi ad calculum difrerentialem aperuifle. 

Unde ft quid de Leibnitio liberals dixifle videar, id eo animo feci, non 
utei quicquam eriperem ; fed ut quod Newtoni effe arbitrabar, auclori fuo 
vindicarem. 

Maxima equidem effe Leibnitii in rempublicam literariam merita, lubens 
agnofco ; nec eum in reconditiore mathefi fcientiffimum efle, diffitebitur, 
qui ejus in Adtis Lipfienfibus fcripta perlegerit. Cum autem tantas tam- 
que indubitatas opes de proprio poflideat ; certe non video, cur fpoliis ab 
aliis detraclis onerandus fit. Quare cum intellexerim, populares fuos ita illi 
favere, ut eum laudibus non fuis accumulent; haud praspofterum in gentem 
noftram ftudium effeduxi, fi Newtono, quod fuum eft, tueri & conferva re 
anniterer : nam fi Lipfienfibus fas fuerit, aliena Leibnitio affingere, Bri- 
tannis faltem ea, quae a Newtono erepta funt, line crimine calumnise repof- 
cere licebit. Itaque cum ad Regiam Societatem appellet vir illuftris, me- 
que publice teftari velit, calumniandi animum a me alienum effe; ut ca- 
lumniandi crimen a me amoveam, mihi oftendendum incumbit, D. New- 
tonum verum & primum fuifle Arithmeticae fluxionum, feu calculi difFe- 
rentialis, inventorem ; deinde ipfum adeoclara & obvia methodi fua; indi- 
cia Leibnitio dedifte, ut hide ipfi facile fuerit, in eandem rnethodum in- 
cidere. 

Sciendum yero primum eft, celeberrimos tunc temporis geometras, Do- 
minos Francifcum Slufium, Ifiacum Barrovium, & Jacobum Gregorium, 
rnethodum habuifie, qua Curvarum tangentes ducebant, quae a fluxionum 
methodo non multum abludebat ; & iifdem principiis innixa fuit. Nam 
fi pro litera o, quas in Jacobi Gregorii Parte Mathefeos Univerfali quanti- 
tatem infinite parvam reprsfentat ; aut pro Uteris a vel e, quas ad eandem 
defignandam adhibet Barrovius ; ponamus x \~e\y Newfoni, vel d* feu dy 
Leibnitii; in formulas fluxionum, vel calculi differentialis, incidemus: &re- 
greflus, quo a data tangentium proprietate ad naturam Curvae perveniebant, 
quern rnethodum tangentium inverfam nominabant, eadem plane res erat, 
ac methodus qua" a fluxionibus ad fluerites revertitur : interim fuam rne- 
thodum non ultra fluxiones primns extendebant ; neque eandem ad quanti- 
tates furdis aut fracYionibus involutes accommodare potuerunt. At prius 
quam quicquam de hoc argumento h fummis 'hifce viris publico datum eft, 
D. Newtonus rnethodum excogitavit, priori quidcm non diflimilem, fed 
multo latius patentem ; quae non fubftitit ad ajquationes eas, in quibus una 
velutraque quantitas indefinita radicalibus eft involuta; fed, abfque ullo 
a?quationum apparatu, tangentem confeftim ducere raonftrabat; quaeftiones 
de maximis & minimis eodem artificio tra&abat ; & fpeculationes de qua- 
dratuns facilius explicuit. Haec conftant ex epiftola Newtoni, ad D. Colli- 
nium data, Decembris die 10, anno 1672, & inter CoJJinii chartas re- 
pertii. 

Uac epiftola habetur imprefa N° XXVI, 

Ex 
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Ex hac epiftola clare conftat, D. Newtonum rnethodum fluxionum ha- 
buifle ante annum 1670, eodem nempe quo Barrovii Lecliones edit^funt. 

Anno 1669 mint Newtonus ad D. Collinium tradtatum de Analyii perN°LXXXH. 
^Equationes Infinitas; quern etiam, inter fchedas Collinii repertum, D.Jones 
nuper edidit. Sub hujus fine habetur demonftratio regular pro Quadratu- 
ris Curvarum, nata ex proportione augmentorum nafcentium abfciffie & 

p_ 

ordinate, cum abfciffa fit z, & ordinata x" ; qua; quidem demonftratio. 
commune fundamentum eft tarn do&rinae fluxionum, quam calculi diffe- 
rentialis. Ex eo autem tradtatu non pauca, amicis fuis communicanda, de- 
prompfit Collinius : unde certum eft, D. Newtono, ante illud tempus, 
fluxionum Arithmeticam innotuifle. Praeterea conftat ex pofteriore New- 
toni ad Oldenburgum epiftola, eum, fuadentibus amicis, circa annum 
1 67 1 tradtatum de hifce rebus conferipfifle ; quern, una cum theoria lu- 
cis & colorum, in publicum dare ftatuerat : fcribitque Oldenburgo, fenes 
infinitas non magnam ibi obtinuiffe partem ; feque alia haud pauca con- 
geflifle, inter quae erat methodus ducendi tangentes, quam folertifftmus 
Slufius, ante annos duos trefve, cum Oldenburgo communicaverat ; fed 
quae generalior fadta, non ad asquationes, quae furdis aut fi-adionibus 
involute funt, haerebat ; &, eodem fundamento ufum, ad theoremata ge- 
neralia, quadraturas Curvarum fpe&antia, perveniffe fe ait Newtonus. 
Horum unum exempli loco in ipfi epiftola ponit ; feriem exhtbens, cu- 
jus termini dant quadraturam Curva?, cum abfciffa eft as & ordinatim 
applicata Jz 9 x r+Jx\\ Quas feries abrumpitur, & terminis finitis Cur- 
vae quadraturam comprehendit, quandocunque ilia finita aequatione expri- 
mi poteft. Hoc dicit effe primum theorematum generaliorum ; unde fe- 
quitnr, eum alia, ad cafus difficiliores & magis intricatos accommodata, ha- 
buiffe: eft autem theorema illud Propofitio v. in tratfatu de quadratuns. 
Eodem etiam fpedtat ejufdem Prop. vi. fed ad cafus magis imphcatos le 
extendit: Propofitiones tertia & quarta l'unt lemmata Theor. luice de- 
mon ft rand is praemifla. Secunda autem in quadraturis Propoimo extat in 
tradUtu de Analyfi per ^Equationes Infinitas, & prima propoiitio eft ea- 
infa, quam in dida epiftola fundamentum operationum vocat, & tranipo- 
fitis Uteris celari tunc voluit. Scribit etiam Newtonus, fe dudum theore- 
mata quuedam, qua; comparatioui Curvarum cum feaiombus comcis mfer- 
vir.nt,in catalogum retulifle; & ordinatas Curvarum, quae ad earn normam 
comparari poffunt, in eSdem epiftola defcribit ; qua profefto eadem plane 
Tunt cum iis, ouas tabuh fecunda ad fcholium Propofmonis x. in tradtetu. 
de quadraturis; exhibet ; unde fatis liquet tabulam il!am & Propofitiones 
vil vin, IX & X, quae funt in tractatu de quadraturis (a qiubus taoula- 
pendeO Newtonum dudum inveniffc ante annum 1676, quo fcripta eft 
epiftola ilia pofterior. Cum vero, in prima ad Oldenburgum epiftola, d.- 
■cit fe ab ejufmodi ftudiis per quinquennium abtbnuifie; hmc fatis clare col- 
ligi poteft; propofitiones in traclatu de quadraturis a D. Newtono invents* 
fuifle, quinquenuio faltem antequam epiftol* ill* ad Oldenburgum fenp- 
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tas eflent ; totamque illam de fluxionibus do&rinam, ante illud tempus ul- 
terius a Newtono proveclam eflV, quam ad hunc ufque diem a quoquara 
alio factum eft fub nomine calculi ditferentialis. Certe neminem novi, qui, 
in hac provincia peragranda, acquis p iffibus cum Newtono progrefliis lit : 
& pauci funt, iique iniignes gcometnr, qui prolpicere queant, quoufque 
ilie in eadem provincia proceflcrit. I rastcrea, in pofteriore ilia ad Olden- 
burgum epiftola, modum defcribit, quo in feriem incident, cujus termini 
fluxiones, feu difFerentias, quantitatum in infinitum exhibent ; quae poft- 
quam inventa eflfet, dicit, peftem ingruen'-em ipfum coegilfe haec ftudia de- 
lerere, & alia cogitare. At peftis iila contigit annis 166$ & 1666 ; wide 
patet, etiam ante illud tempus fluxionum calculum D. Newtono innotu- 
ifle; hoc eft duodecim faltem annos antequam calculum fuum Oldenburgo 
communicavit Leibnitius ; 6c novemdecim annos antequam Vir Illuftris 
«andem in A&is Lipfienfibus edidir ; & .cert* ante vitas hafce duas New- 
toni epiftolas, Leibnitium calculum fuum dhferentialem habuifle, nulla ap- 
parent veftigia. His omnibus rite perpenfis, certiHime cuivis conftabit, D 
Newtonum pro vero inventore Arithmetics fluxionum habendum efle. 
II. Reftat jam ut inquiramus, quasnam fuere indicia Leibnitio a Newtono 
derivata, unde ei facile foret calculum differentialem elicere. Et primo, 
ut dixi, nullibi oftendit I>eibnitius fibi notum fuiffe calculum differentia- 
Jem, antevifas has duas Newtoni epiftolas ; imo ante illud tempus lon- 
giore ulus eft circuitu, cum xes facilius multo & fuccinctius ex calculo 
fluerent differentiali. Hufus rei teftis fit epiftola, ad Oldenburgum data 4 » 
Novembris 1676, qua? in Operum Wallifianorum tomo tertio etiam extat, 
in qua modum tradit exprimendi rationem fubtangentis ad ordinatam, in 
terminis quos non ingreditur ordinata ; ubi fi loco y & dy ipfaram valores 
vinculo mclufos pofuhTet, ftatim fcopum attigiflet. 

In prima - epiftola, qua? per Oldenburgum ad Leibnitium tranfmifla eft, 
docuit Newtonus methodum, qua quantitates in feries infinitas reducendae 
lint, i. e. qua cjuantitatum fluentium incrementa exhiberi poflunt. Inipfo 
enim initio feriem oftendit, cujus termini ha?c incrementa repraefentant. 
Sed ilia D. Leibnitium prorfue latebat, ante vifam Newtoni epiftolam, qua 
txponitur. 

Sit 0 incrementum momentaneum quantitatis flucntis x, & — index 
-dignitatis ejufdem, & fi pro x fcribatur x + o, x + 2o, x + 3*, x + 4.0, &c. 

m m w m 

& quantitates x + *! », x + zT]*, 7+J1", * + 4<] \ &c. in feries infinitas 
cxpandantur; habebimus totidem feries, quarum prima hasc eft, quas fe- 

quitur . x + — ox ■ + x —oox " + *~r— ~ ooox " &c. In om- 

71 it 6*° 

Jiibus feriebus primus terminus erit ipfa quantitas fl-uens x" ; & fi prior 
^quadibet feries a pofteriore auferatur, habebimus harum ferierum differen- 
iias primas; in quibus omnibus primus terminus eft feriei primae terminus 

primus, 
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primus, quern ingreditur quantitas 0 ; fcilicet ~ cx " &, evanefcente <?, fit 
ille terminus difFerentiis hifceprimis aequalis; vel quod idem eft, erit quan- 

m — » 

titas -~c.v " fluentis incrementum primum. 

Praeterea fi differentia quaelibet prior a pofteriore auferatur, deveniemus 
ad difFerentias fecundas ; quarum omnium terminus primus per 2 divifus, 
idem eft cum termino fecundo feriei primae, quern ingreditur quantitas 0 ; 
&, evanefcente 0 , fiunt differentiae illae per binarium divifae fingulas asquales 

i m ~ v ' 

termino illi primo feriei, qui eft ?-^™ooz » . Et eodem modo invenie- 

. . . . . . m' — ■xm n + imn . rr. 

mus fupra defcnptae feriei terminum ^ ooox , aequalem eiie 

fingulis difFerentiis tertiis, per fex divifis, Et quilibet terminus ejufdem fe- 
riei ad difFerentias refpedivas femper habebit datam rationem ; icilicet ter- 
minus primus, quern ingreditur 0, aequalis eft difFerentiis primis ; fecundu* 
eft difFerentiarum fecundarum pars media ; tertius, pars fexta difFerentia- 
rum tertiarum, &c. Hafce feries, quarum termini difFerentias omnes irt 
infinitum repraefentant, invenrt Newtonus, uti dixi, ante annum 1665 ; 
fed ilia; ante vifam Newtoni epiftolam, in qua exponitur, D. Leibnitium 
* latebant : nam ante illud tempus agnofcit Leibnitius, femper ipfi necefle 
fuifle tranfmutare quantitatem irrationalem in fraftionem rationalem, & 
deinde, dividendo Mercatoris methodo, fra&ionem, in feriem reducers 
Exinde etiam patet feriem hanc, difFerentias continentem, non habuifle 
Leibnitium, quod poftquam ipfi per Oldenburgum ofteufa eft, * rogat, ut 
D. Newtonus ipfius originem fibi pandat. 

Sit jam quantitas quaelibet, ex conftanti & indeterminatis utcunque com- 

pofita,& vinculo inclufa; fcilicet ^7+^1^"; cujus differentia habenda eft. 
Conftat, perregulam prius traditam, quantitatis a + ^ dilterentiam efle 
cbx'-'o, pofito quod 0 fit incrementum. momentaneum fluentis x. Quare fi 

proa+As' fcribatur », bpocbx^o fcribatur » y erittf + ^ + c^-'e|j = 
qvree fi per regulam Newtoni in feriem expandatur,. fit z" +- 
~ n u>z^+ Sec. cujus feriei terminus ~ ^ eft differentia prima quanti- 
tatis z% feu J+S?]". Unde fi loco % & » reftituantur ipforum valores, 
a + 6x< & cbx c ~% habebimus differentiam quantitatis a+hx<}' = -cbx<~*o x 
^PV 1 : vel fi more Leibnitiano pro^ ponatur dx, erit quantitatis 
7+Jx~F differentia ^^d,x^'; ubi videmus quantitatem dif- 

n 

* Vide epiftolam Leibuitii ad Oldenburgum , 7 Augufti 1676, pag. 
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ferentialem>-^r -, dv, extra vinculum Temper manere. Atque hinc fa- 

cile fuit D. Leibnitio, ope regulae Newtonianae, differentias quantitatum 
omnium exhibere, utcunque quantitates fluentes furdis aut fra&ionibus 
fint implicate : id quod ante epiftolicum illud, per Oldenburgum, cum 
Newtono commercium ipfi minime notum fuit. 

Quamvis hzec per fe fatis manifefta funt calculi differentialis indicia ; in 
fecunda tamen epiftola, quae per Oldenburgum ad Leibnitium milTa eft, 
alias adhuc clariores defcribit Newtonus methodi luze notas. Dicit enim, 
fe habuhTe methodum ducendi tangentes, quam folertiffimus Slufius ante 
annos duostrefve Oldenburgo impertitus eft, ita ut habito fuo fundamento 
nemo poffet tangentes aliter ducere, nifi de induftria a recto tramite erra- 
ret. Quinetiam ibi quoque oftendit "Methodum banc non haerere ad 
*' aequationes, quibus una vel utraque quantitas indeflnita radicalibus invo- 
" luta eft ; fed abfque ulla asquationum reduiiione, quae opus plerumque 
" redderet immenfum, tangentem confeftim duci ; & eodem modo in quaef- 
" tionibus de Maximis & Minimis, aliifque quibufdam, rem fie fe habere. 
" Fundamentum harum operationum dicit efie fatis obvium, quod tamen 
*' tranfpofitis Uteris in ilia epiftola celare voluit. Hoc etiam adjicit ; hoc 

fundamento fpeculationes de quadraturis Curvarum fimpliciores fe reddi- 
" difle ; & ad theoremata quaedam generalia fe pervenifle fcribit." 

Cum vero methodus Slufiana tunc temporis Leibnitium minime latere 
potuit, utpote in Actis Philofophicis Londini publicata : cumque New- 
tonus dicit, eandem & fibi innotuifle, ex fundamento, quo habito non hae- 
rebat ad aequationes radicalibus utcunque involutas ; in qua quidem tota 
rei difficultas pofita eft : cumque in priore epiftola feriem defcripfit, cu- 
jus ope differentiae haberi poffunt, ubi fluentes furdis aut fradtionibus ut- 
cunque implicatae funt : cum denique idem fundamentum ad quadraturas 
Curvarum fe applicuiffc dicit : minime dubitandum eft, haec omnia facem 
Leibnitio praetuliffe, quo facilius methodum Newton i perfpiceret. 
LXXXIV. Quod fi haec non fuffecifle videantur indicia ; etiam ulterius proceffit 
Newtonus, & exempla methodi fuas dedit, & regulam oftendit, qua ex 
datis quarundam Curvarum ordinatis, earundem areaeexhibentur in termi- 
nis fimtis, cum hoc fieri poteft ; hoc eft, in ftylo Leibnitiano, ipfi exem- 
pla tradidit, quibus a differentiis ad fummas pervenitur. Et a fimplicion- 
bus orfus, * proponit primo parabolam, cujus abfciffa eft js, & ordinatim 
applicata' *J az ; & Curvae area erit \a^^ ; hoc eft, quando diffe- 

rentia areas eft dz x yaz, feu ah 1 - x dz, oftendit fore arearn, i unde 
viciffim concluditur, fi quantitas differentianda fit fore ejus differen- 

tiam feu \dz*/az. Exemplum ejus fecundum eftCurva, cujus ab- 

fcifla eft », & ordinatim applicata : ubi oftendit Newtonus Curv# 

aream fore -— i : hoc eft, fi differentia ares fit oftendit aream 



* Vide pag. 545. 
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-f ore ^ a ^ . Unde viciffim fi quantitas differentlanda fit ^r^y?, concludi 
poteft differentiam fore ==^. Vel li ejufdem Curvae ordinata fic enun- 

c 1 — z' I 

cictur, a ~ : erit area = — 4 ™— Quare & viciffim, fi quanti- 




tas differentlanda fit -V— — r» erit differentia . 

Hinc ad exempla quaedam difficiliora progreditur Newtonus; in iifque 
oftendit, quomodo ab ordinatis, hoc eft a differentiis, ad fummas perveni- 
endum fit ; ex quibus patebit, Curvam oinnera quadrabilem fore, . cujus or- 
dinata, in differentiam abfciffae duda, fit quantitatis alicujus differentia ; & 
hinc innumera Curvarum genera aflignari poffunt, etiam geometrice qua-- 
drabilia. 

His indiciis atque his adjutum exemplis, ingenium vulgare methodum 
Newtonian urn penitus . difcerneret ; ita ut ne iuipicari fas fit, earn acerri- 
mum Leibnitii acumen poffe latuifle ; quern quidem ufum fuifl'e his ipfin 
clavibus, ad hasc fua quae feruntur inventa, aditum, etiam ex ipfius ore 
/atis elucefcit, Nam in epiftola ad Oldenburgum data, poft explicatum 
calculura differential, exemplum addit, quod coincidere agnofcit cum 
regula Slufiana; & poftea addit. * " Sed methodus ipfa priore noftrA 
•i \ nntr }. P a ,m,j;„,.. „„„ _i.:u„..: pote fl.; cum plures fint li- 

: maximo cum fruclu : fed 
quippe quae earn nullo 
*' moranrur modo, nequeullo modo neceffe eft irrationales tolli ; quod. in 
" regula Slufii necefle eft, & calculi difficultatem in immenfum auget." 
Ha?c omnia a Newtono prius, in fecunda ejus epiftola, dicta funt. Jnde ex- 
empla proponit, quorum quidem quod primum eft, nefcio quo fato, idem 
prorius eft ac id, quod, in ea epiftola quam Leibnitio tranfmiferat Olden- 
burgus, etiam primum protulerit Newtonus. 

Mox addit vir illuftriffimus, * " Arbitror, quae celare voluit Newtonus 
«* de tangentibus ducendis, ab his non abludere. Quod addit, ex hoc fun- 
" damento quadraturas qucque reddi faciliores, me in hac fententia con- 
*' flrmat. Nimirum femper figurae illae funt quadrabiles, quae funt ad se- 
" quationem differentialem. ^Equationem differentialem voco talem, qua 
«' valor ipfius d# exprimitur, quatque ex alia derivata eft, qua valor iplius 
*« x exprimebatur." Et paulo poft, fuam de hac re fententiam plenius 
aperit; dicitque hanc unicam regulam pro infinitis figuris quadrandis infer- 
vire, diverfae plane naturae ab iis quae ha&enus quadrari folebant. Quis 
eft jam, qui haec perpendet, & non videbit, indicia & exempla Newtoni fatis 
a Leibnitio perfpeda fuifle ; faltem quoad differentias primas ? Nam quoad 
differentias fecundas, Leibnitium methodum Newtonianam tardius intel- 
lcxilfe videtur, quod brevi forfan clarius monftrabo. 

Interim facile illuftri viro affentior, & credo eum nec nomen calculi 
fluxionum fando audiviffe; nec charaderes, quos adhibuit Newtonus, oculis 

* Vide pag. 560, 561. ..i. ,. , s ; , 
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xrtdine, ante quam in Wallifianis operibus prodiere. Obfervo enim, ipfufn 
Nevvtonum iitpius mutafie nomen & notationem calculi. In tra&atu de 
Analyli iEquationum per Series Infinicas, incrementum abfchTae per lite- 
ram o defignat : et in Principiis Philofophia; fluentem quantitatem geni- 
tam vocat, ejufque incrementum momentum appellat : illam literis majo- 
ribus, a vel b, hoc minufculis, a & b. defignat. 

Id etiam ultra agnofco ; inter castera quae de re mathematics praeclare 
meritns eft Leibnitius, hoc itidem illi deberi ; quod primus fuerit, qui calcu- 
lum hunc typis edidit, & in publicum produxit : itaque eo laltem nomine 
•magnam apud mathefeos amantes inibit gratiam, quod inventum ita no- 
bile, & in multiplices ufus deducendum, diutius eos noluerit latere. 

Habes, Vir CI. quae dehoc argumento fcribenda duxi; unde facile credo 
^percipies, hoc qualecunque fuerit meum ill gentem noftram ftudium, ita 
parum praepofterum fuifle, ut nihil omnino nili quod Newtoni erat, Leib- 
nitio detraxerim ; nec dubito, quin a?qui rerum aeftimatores uno ore fatean- 
turme, uti nullo calumniandi animo, ita nec prcecipiti judicio, ea dixifl'e, 
quaa tibi tot argumentis luce meridiana clarius comprobavi. 

LeSia eft baec cpiflola coram Regid Societate, in conventu die 24 Maii 171 1 
habito ; & ut exemplar ejus D. Leibnitio mitteretuf, D. Sloane Secretario Juo 
mandatum eji. 

> LXXXV. Epijlola D. Leibnitit ad D. Hans Sloane M. D. & R. S. Sec. 

Quae D. Johannes Keillius n 11 per act te fcripnt, candorem meum aper- 
tius quam ante oppugnant : quern ut ego hac setate, poft tot docurnenta 
.vitte, apologia defendam ; & cum homine dcfto, fed novo, & parum perito 
rerum anteactarum cognitore, nec * mandatum habente abeo cujus jnter- 
eft, tanquam pro tribunali litigem ; nemo prudens aequufque probabit. 

Quae ille de meo rem cognofcendi modo fufpicatur, haud iatis exercita- 
.tus artis inveniendi arbiter;, ipfius quidem docendi caufa non eft cur refel- 
lam : fed norunt 4- amici, quam longe alio, & ad alia proficuo, itinere procef- 
.ierim. Fruftra ad exernplum A&orum Lipfieniium provocat, ut fua dicta 
cicufet^ in illis enim circa hanc rem qui'cquam cuiquam detraclum non 
reperio, fed potius pafftm j fuum cuique tributum. Ego quoque & amici 

* Qjiafi methodum Moutoni, & feries Brounkeri, Wallifii & Gregorii, aliorumq.ue inventa non 
itceat proprrrs authoribus, nifi authoritate ab his accepta, aflerere. 

■f Siamici illifunt Germani, iravenit is hanc methodum poll reditum fuum in Germanism. 

t Scripferit Keillius inhsec verba. Hare ut fcriberem, impulcrunt ABorum I.ipfcnfwm Edimts\ tjm, 
in ca quam exhibent operis M \ r ewtoniatii de Jtuxionibus feu quadraturis enarratione, d ; fertc affirmant, D Lcib- 
nitlum fttijjc ifiius metbodi inventorem, & Nrwtanum aiunt pro d'fferentiis Leibnitianis fu.xiones aJlnhat 
femperquc adbibuije. Leibnitius editores hie palam defendit contra Keiliium, quafi fuum cuique 
reddidiifent. 

§ In epifto!a Aug. 27, 1676, properavit fe coinventorem -methodi ferierum proponere. In 
epillola Junu 21, 1677, pioperavit methodum ut fuara defcribere, de qua Newtonus tractaturo 
ante annos quinque fciphrat. In fchedis tribus anno 1689 impress, properavit propofitiones 
.priticipales Principioruna Philofophi* ad calculn n fuum revocatas in lucero edere, ut in inventons 
jura veniret. 

I Probandum efl, 

aliquoties 
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aliquoties oftendimus, libenter a nobis credi, illuftrem Fluxionum autorem 
per fe ad fimilia noftris fundamenta pervenifle. Neque eo minus ego_ in 
inventons jura venio; quae etiam Hugenius, judex mtelhgentiffimus ; in- 
corruptiffimufque, publice agnovit : in quibus tamen. mihi vendicandis § 
non properavi ; fed inventum || plufquam nonum in annum prefli, ut ne- 
mo me praecucurriffe queri polTit. '«••/» 

Itaque veftrae aequitati committo, annon coercend* fmt vanas & injulta 
vociferationes ; quas ** ipfi Newtono, viro iniigni, & geftorum optime con- 
fcio, improbarii-bitror: ejufque fententise fuae libenter daturum indicia 

mihi periuadeo. , 

Vale. Dabam Hannoverae 29 Decemb. 171 r. 

Cum D. Leibnitius a D. Keill, ut homine novo, ad Societatem Regiam pro- n-LXXXVL 
vocaret ; Societas juffit monumenta antiquiora confuh ; & locus aliquot, 
qui his examinandis aptiores viderentur, in mandatis dedit ut in hanc 
rem inquirerent ; & quae in fcriptis antiquis invcnirent, ad fe referrent 
una cum eorum fententw. Et arbitrorum confeflus colkaionem ex epil- 
tolis & aliis MSS. fupraimprenam ad Societatem retulerunt, una cum 
eorum fententia fequente. 

IVe have confulted the ktten end letter-books in the cuftody of the Royal 
Society, and tife found among the papers of Mr. John Colhns dated be 
tween the vein M 9 and 1677 i^Jive; and Jhe^d the >m tofj"^*™* 
and avouched the hands of Mr. Barrow Mr Colhns, Mr. Oldenburg; and 
Mr. Leibnitz ; and compared thofe of Mr. Gregory with one <*<f^"* 
vitb copies oj fame of them taken in the band of Mr. Colhns ; and hav - 
traced jrom them Jhat relates to the matter referred ^f^2f h T d 
traces herewith delivered to you, we believe to be genuine and authenttck. And 
by thefe letters and papers we find, r *L a as/)¥ . t A*,* . 

" 1. That Mr. Leibnitz was in London in the hginnmg of the year ,673 , 
and went thence in or about March to Paris ; where he kept a ^fe.u 
W hb Mr. Collins, by means of Mr. Oldenburg, u U about Sep em be ^ 6 and 
th:n returned by London and Amfit dam to Hanover: and that Mr. Colhns 

** Newtonus U Leibnitius nec funt idonei judices nec teftes. Ex monumcntis antiquis judicium 
ferendum eft. 

fin i: D. Barrovn, U. Coliinn, u. vjiutmjuigi ^ . antem au* Grc« 

^ i eorum autograph, probe noverant. ipforum efle certo d^jmus. L - s ^ ^ Jem, q ^ 
gorium prx fe fcrebant auftorem, tpfius efle coynov.mu. fide Co '^ ^ ne zd rcm nob i, 
Jorio ailignatas, manu fua exferipferat. Ex Ins oanubus ««' P^; « ^ £ vobis trad ua- 
conunilTam pertinere videbantur ; atque dla execrpta q. « - c«n , pfu hter „ 3 ^ ? 
tur, ndeliter& accurate facta efle comper.mu . Ex . h , ^V.rf.o, vel circiter, Parifio, 

I D. Leibnitiujn, anno ineunte .673, Lond.n, ^< Te ; u . de ^ ufqlle iB 
adiit; ubi literarum commercium habu.t cum D - Co ^^ 

menfem Septembrem 1676 : deinde per I^ndmum & An. ud ^ t> lu Unutoi 
I), autem Collinium mathefeos pentw e.i, qux a U. Newt.no \ Ore^o 1 

coiuuumicafle. U'dS 

4^3 
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was very free in communicating, to able mathematicians, what he had received 
from Mr. Newton and Mr. Gregory. 

II. That when Mr. Leib»ilz was the fir ft time in London, he contended for 
the invention of another Differential Method proper Iv Jo called ; and mticitb* 

fianding that he was /hewn by Dr. Pell, that it was Moon's method, per fifed' 
in maintaining it to be his own invention, by reafon that he hud found it by bim- 

felf without knowing is hat M uton bad dope before^ and had much improved 
it. And we find no mention of his having any other Differential Method" 
than Moutorh, before his letter of the i\fi of June 16 J 7, which was a year 
after a copy of Mr. Newton s letter, of the 10th of December 1672, haa* 
been fent to Paris to be communicated to him ; and above four years after Mr. 
Collins began to communicate that letter to his correfpondents ; in which letter* 
the method of Fluxions was fufficiently defcribed to any intelligent per Jon. 

III. That by Mr. Newton's letter of the t$th of June 1676 it appears^ 
that he bad the method of Fluxions ahve five years b.Jore the writing of that 
letter. And by his Analytis per iEquationes numero Terminorurn lnfini- 
tas, communicated by Dr. Barrow to Mr . Collins in July 1669, we find that 
he had invented the method before that time. 

IV. "1 hat the Differential Method is one and. the fame with the Method of 
Fluxions, excepting the name and mode of Notation; Mr. Leibnitz calling 
•tboje quantities Differences, which Mr. Newton calls Moments or Fluxions ;. 
and marking them with the letter d, a mark not ufed by Mr. Newton. And 
therefore we take the proper quefiion to be, not who invented this or that me' 
thod, b it who was the firfi inventor of the method. And we believe,- that 
thofe who have reputed Mr. Leibnitz the firfi inventor, knew little or nothing^ 
of his correfpondence with Mr. Collins and Mr. Oldenburg long before ; nor of 
Mr. Newton 9 s having that method above fifteen years before Mr. Leibnitz be- 
gan topublijh it in the A£ta Eruditorum of Lefpfick. 

For which reafon, we reckon Mr. Newtm the fi Jl inventor ; and are oj 
optnion, that Mr. Keill, in offer ting the fame, has been no ways injurious to 
Mr. Leibnitz. And we fubmii to the judgment of the Society, whether the 
extract and papers now prefented to you, together with what is extant to the 
lame purpoje in Dr. Wallis*s third volume, may not defervt to be madepubhek. 

His 

< u _ 

71. D. Leibnitium, cum-primi vice LoncFmiim at! lit, meifiocfi ciijufJam c'ifferentialis,. propne 
Cc di&se^ ie inventorem .perhibuiffct et etiamii D/Pclliua ipli ntonftraverat, eurulem antea a D. 
Muntono ufurpatam fuiffe, hand tamen fibi inventoris jura aflerere deftitiflc ; cum quia propno, 
ut sieba.:, marte fua ilia in-veniffet, nondnm viiis iis quae Moutcnus prius cdider.it, turn quia pi u- 
runa sdjedflbu Meque uiquaiu rociuionem rcperimus r'aftim alterius methodi ejus differential is, 
prater iftam Moutoni,. ante literas ejus 21 Junii 1677 datas ; hoc eft, anno inte&ro paftquam D. 
Newxoni epiftola, 10 Decetnbris 1672 icripta , Parities, ipli communicanda, trantmiffa luit j. &qi"- 
driennio pofiquam D. Coliiaius eanrfcin epiftolam cum amicis communkare coepit. In hae auteai 
. epiftoia methodtis iiuxionum, idoneo harum rerum cogrtitori, evitfenter fatis delcribitur. 

III. Ex Uteris D. New ton], 13 Junii 1676 datis, .manifeflum eft, iluxionum mcthodum ipfi in" 0 ' 
fnifie, qninqucnnio'priui quam epiftoLim illam ddcrirwref. Et ex Annlyfi ejus per sEqnationcs 
Hitmen la miner urn Jn/m'tat, qnam D. Barrovius cum D. Col link) menie Julio anni i60y com- 
imniKavit, cenftat ilium e.uiu ante illud ceu.pus eandem excogKsSife.. 
TV. Mcthotlus Differentialis una eademque eft cum Mcthodo Fluxionmn, ft nomen & nota- 
, fy™* «odum exetpcu*. D. Leibnithi* eniin eas quantitates differentiae ajjpcllat, quas D- N^** 



EPISTO LTCUM. 

His autem die Aprilis 24, 1712, acceptis, Societas Regia colleaionem ' 
epiftolarum & MSS. & fententiam Confeflus imprimi juffit ; ut & quic- 
quid ampiius, ad hanc hiftoriam elucidandam idoneum, 111 Jffits iLruaito- 



rum occurreret. 



primi,& ia publicum prodire mereantur, ( 
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HIC fubjungere vifum eft Judicium Mathematiei 7 Julii 1 7 13 datum ; & chart! volante, fine no- 
mine autoris, per orbem fparfum. 

« Videtur NeWonus occafionem naftus, ferierum opus multnm promovifle per extra&ionei ra- 
«' dicum, quas primus in ufum adhibuit ; & quidem in iis excolendis, ut verifimile eft, ab initio 
« omne fuum ftudium pofuit ; nec credo tunc temporis vel fomniavit adhuc de calculo fuo fluxio- 
' num & fluentium, vel de redu&ione ejus ad generales operationes analyticas, ad inftar algorkh- 

* mi vel regularum arithmeticarum aut algebraicamm. Ejufque meas conje&ura {primum] ra- 
« lidiffimum indicium eft, quod de Uteris x vel y punctatis, uno, duobus, tribus, &c. pun&is fu- 

* perpofitis, quas pro dx, ddx, d l x ; dy, ddy, &c, nunc adhibet, in omnibus iflis epiftolis (Com- 

* mercii Epiftolici, unde argumenta ducere volunt] nec volam, nec veftigium invenias. Imo ne 

* quidem in Principiis Naturas Mathematicis Newtoni, ubi calculo fuo fluxionum utendi tarn fre- 
' quentem habuiflet occafionem, ejus vel verbulo fit mentio, aut notam hujufmodi unicam cer- 
4 nere licet ; fed omnia fere per lineas figurarum, fine certa analyfi, ibi peragunlur, more non ipfi 

* tantum, fed & Hugenio, imo jam antea [in nonnullis] dudum Torricellio, Roburvallio, Ca- 

* vallerio, aliis, ufitato. Prima vice hae literae punctata? comparuerunt in tertio Volumine 

* operum Wallifii, multis annis poftquam calculus differentialis jam ubique locorum invaluiflet. 

* Alterum indicium, quo conjicere licet, calculum fluxirmim non fuifle natum ante calculum dif- 
' fereutialem, hoc eft ; quod veram rationem fluxiones fluxionum capiendi, hoc eft differentiandi 
« differentialia, Newtonus nondum cognitam habuerit ; quod patet exipfis Principiis Phil. Math. 

* ubi non tantum incrementum conftans ipfius x, quod nunc notaretper x punctatum unopundlo, 

* defignat per 0 [more vulgari, qui calculi differentialis commoda deftruit] fed etiam regulatn 

* circa gradus ulferiores falfam dedit [quemadmodum ab eminente quodam Mathematico dudum 

* notatum eft] Saltern apparet Newtono reftam method am differentiandi differen- 

« tialia non innotuiffe, longo tempore poftquam aliis fuiflet familiaris." 

HacTtenus Judicium. 
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HJEC omnia refutantur fupra, pag. 454 — 458, 467—483, 489, 503, 509, 510, 512, $35, 
536, 544, 581,-582, 585, 586. 
Methodum fluxionum utique non confiftit in forma fymbolornm. Et Keillius hoc notaverat anno 
171 1 (pag. 477, 585, 586.) Pro fluxionibus ipfarum x, f, x t Newtonus quandoque poniteafdem 
literas punclis notatas, x, j, i ; quandoque eafdem forma majufcula x, y, z ; quandoque lite- 
ras alias, ut p y 3, r; quandoque lineas exponentes, ut be, fg, hi (pag. 478.) Et hoc Newtonus 
in hunc ufque diem tacit, ut videre licet in libro d«: quadraturis ; ubi fluxiones in piopofitioue 
prima denotantur per literas pun£tatas; in ultima, per ordinatas Curvarutu ; in introdu&ione, per 
alia fymbola ; dum Newtonus ibi methodum fluxionum explicat illuftratque per exempla (pag. 
4.78.) Pro fluxionibus D. Leibnitius nulla habet fymbola. Is momentorum, five differentiarum 
fymbola, d*, dy, dx, primo coepit adhibere anno 1677 ; Newtonus momenta denotabat per red- 
angula fub fluxionibus & momento 0, cum analyfin fuam fcriberet ; anno fcilicet 1669, aut antea. 
Leibnitius fymbolis fx, fi, fz pro fummis ordinatarum ufus eft jam inde ab anno 1686 : Newto- 
nus, in analyfi fua, ean'dem rem denotavit, inferibendo ordinatam in quadrato vel re&angulo ad 

huncmodum: — . Omnia Newtoni fymbola fun t in fuo genere prima j & fymbola Leibnitii 
64* 

aondum obtinuerunt in Angl& (pag. 477, 478.) 

In Principiis nature Mathematicis Newtonus analytico fuo fluxionum calculo utendt non liabuit 
frequentem occafionem. Nam liber ille inventus eft quidem per analyfin ; at fcriptus eft per fyn- 
, tbefin, more Veterum, ut oportuit (pag. 479.) At analyfis tamen ita elucet per fynthefln dlam, 
ut Leibnitius ipfe olim agnoverit, Newtonum non folum methodo fua tangentes duxifle, fed ma- 
jora multo confecutum, vifo demum Libro Principiorum, fe fatis intellexifle (pag. 489.) Et in 
epiftolafua 28 Maii 1697 ad Wallifium fcripta : " Methodum, inquit, profundiflimi New-toni 
" cognatamefle methodo me* differential! non tantum animadverti, poftquam opus ejus JTrin- 
" cipiorum fcilicet] & tuum prodiit, fed etiam profeffus fum in Aftis Eruditorum, & alias quo- 
** que monui. ld«nim candorimeo couvenire judicavi, non minus quam ipfius merito. Itaqae 
« communi nomine defignare foleo Analyfeos Infbitefimalis" (pag. 483.) Et alibi de fubliou 
quadam parte roethodi, qua Newtonus Solidum minim* refiftentix invenerat, hrec habet verba. 
» Quam methodttro, ante D. Newtonum & me, nullus quod fciam geometra habmt ; «« ante 
" hunc, maximi nominis geometram, nemofe habere probavit" (pag. 745-) bt in ep» ltoia ad 
Newtonum Hannover* data 7 Mart. 1693, ita fcripSt : » Mirifice ampliavera. gecmetr.am 
" tuis feriebus ; fed edito Piincipiorum ope re oftendilti, patere tibi, qux analyfi recepta non 
« fubfunt. Conatus fum ego quoque, notis commodis adhibitis, qua: different.as k fumnias ex- 
« hibent, geometriam illam, quam traniiemlentem appello, analyfi quodammodo fubjiccre ; nec 
« res m .le B f«ccetE t "(p ag . 47-) Atque itemm in rrfponfo ad D. Fat.um, quod hjtetw m 
Adis Eruditorum Maii 1700, pag. ao 3 , Hn. n, id faffus eft Le.bmt.u. ,pag. 47 «.) ^ A 
tioncs dua S piimas Jibri lecundi Principiorum verbis aliis (afifque ^^^^^ 
pofuir, &fubjtinxit; - fej-m f.mdamenta geometrica jeeffe & v,as quaWam novas , ^" 
« imped.tas, aperuiffe; omnia autem refpondere fua, analyfi in finitorum, hoc eft calculo fumma- 
« Z ac ui'fferentiarum" (pag. 48.-483-) Et hoc ft.it fpecimen omnnut 1 pnmum method, 
differentialis, quod D. Leibnitius, circa problemata iubl.miora orb. luerano exhibmt. 

S pu^tat. primi vice comparuerunt, non (ut hie dicitur) in ™ 
Wallifii, quod prod.it anno t6 99; fed in fecundo volumme Operum ejus, quod 
foa^ «, 481 ) annis utique duobus antequam fama calculi differential!! ad aures Wall.fi. pcrve- 
n Sr"-rTs tri"s antequam Marchio Hcfpiraliu. Analyfin to'l^*'*™""*™* 
qua calculus diffe.entialis ubique locorum invalefcere uepit (pag. 469, 47 . +j 4j +» ^ «-) 
q Newtonu. nunquam muta.it iiteram . in Iheram i punrtatam uno p «w M ^^So . 
eft ia -iatroduaione ad Librum de Quadraturu, & adhuc utitnr .» eodea. ienfu -c tub initio., * 
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que ma.ximo cum fnitfu. Ill enim o fvmbolum vinicum, quo New tonus utitnr pro quantitate in- 
finite parva : at fymbolum ■< quantitatem finitam defignat (pag. 459* 45»» 477 — 479-) 

JWethodus fluxiones onincs capiendi, feu diffcrentiandi difterenthlia, habetur in propofitione 
prima libri de quadraturis : & efl veriilima, & optima. Eandem, cum exemplis in difterentiis pri- 
mis & fecundif, Waliiiius edidit in torr.o fecundo Opcnim fuorura anno 1693, ut fupra; annis fcili- 
cet tribus antequam regula Leibnitii differentiandi differentialia lucem vident (pag. 457, 480,481.) 
Eandem regulam Newtonus, anno 1686, demor.ftravit fynthetice in Lcm.II. Lib. 2. Princip. (pag. 
472) & poiuit in epiftotA fua ad Oldenburguni 24 Octob. 1676, tanquam fundamentum hujus me- 
thodi, de qua turn ante annos quinqre fciipferat (pag. 455-) fit fpecirr.en ejufdetn, quoad tangentes 
ducendas, pofuit in epiftola fua ad Collinium ioDecemb. 167; (pag 510.} Et in eadem epiftola 
addidit problemata de Curvarum curvatura, feu geometrical um feu mechanicarum, per taadem 
methodum folvi (pag. 51c.) Ex quo manifeftum eft, fc jam turn fuam methodum ad feci:nda nc 
tertia momenta extt ndifle. Cum enim areae Curvarum confiderantur tanquam fluentes, ut in 
hac anaiyfi fieri folet, ordinate exprimunt fluxiones primas, tangentes autem data fun t per fluxiones 
fecundas, & Curvatura; per tertias (pag. 456.) Et anno 1669, in anaiyfi fua per feries, Nevvtonus 
dixit : " Momentum eft fuperficies, cum de Solidis ; & Unea, cum de fuperfictebus ; & punctual, cum 
4 ' de Iineis agitur : ; ' quod perinde eft, ac ii dixifl'et ; cum Solida confiderantur tanquam fluentia, eo- 
rum momenta funt fuperficies ; & riorum momentorum momenta, vel iecunda Soiidorum momenta, 
funt lineae ; & horum momenta, five tertia Solidorurn momenta, funt pun&a ; adeoque qua ratione 
momenta prima derivantur a fluentibus, fecunda derivantur a primis, tertia a fecund's, & fic de- 
inceps in infinitum. Et quomodo momenta prima derivantur a fluentibus, oftenditur in analyii 
per feries ; inveniendo ordinatas curvilinearum ex areis (pag^454 — 458, 503.) 

In eadem anaiyfi Ne-vtonus pofuit fecundam propoiitionem libri tie quadraturis (pag. 581,1^.30) 
dixitque 44 Curvarum areas & longitudines, idmodofiat,beneficioejufdem methodi analyfeos exacie 
44 & geometrice determinari"' (p. 503,110.2.) Et methodus ha:cce Newtono innotuit annis aliquot 
antea, teftibus Barrovio & Collinio (pag. 509, lin. 20, 21, 22, 23, 25) id eft anno 1666, aut antea. 
Hsec methodus aliquatenus explicatur in epiftola Newtoni ad Oldenburgium 34 Octob. 1676 data; 
ibique ex propofitione prima libri de quadraturis, illic aenigmatice defcripta, confequi dicitur 
(pag. 535, 536) & in propofitione quinta & fexta libri illius plenius explicatur; & hse propofi- 
tiones ex propofitionibus quatuor primis libri ejufdem confequuntur : ideoque methodus fluxio- 
num, quatenus in propofitionibus quinque vel fex primis libri de quadraturis exponitur, Newtono 
innotuit anno 1666 aut antea, teftibus Barrovio & Collinio ; ut & tefte etiam Wallifio (pag. 474.) 
See! & Marchio Hofpitalius pro Newtono teftis eft ; qui utique dixit, librum Principiorum Phiid- 
fophiae fere totum efle ex hoc calculo (pag. 472) &Leibnitium in methodum differentialem inci- 
dilfe, efficiendo, ut methodus tangentium Barrpvii non haereret ad radicates (pag. 469 — 47i)New- 
tonus enim, per epiftolas 10 Decemb. 1672, & 24 Octob. 1676, Leibnitium admonuit, fe hoc antea 
affecutum efle (pag. 510, 544.) 

Ex iis etiam, qua; in epiftola ad Oldenburgum 24 Octob. 1676 data, de tabulis figurarum curvi- 
linearum, in fcholio propofitionis decimae libri de quadraturis pofitarum, dicuhtur; liquet metho- 
dum fluxionum & momentorum, quatenus in decern primis libri illius propofitionibus habetur, diu 
ante annum 1676 Newtono innotuiffe (pag. 581 .) Id quod etiam colligi poteil ex Corol 2. Prop, 
x. libri de quadraturis ; quod utique in epiftola Newtoni ad Collinium Noy. 8, 1676 data, Si 
anno 1711 a Jonefioedita, defcriptum habetur. 



f XNIS C-OMMERCII EPISTOLICL 



A DPI* 



A D tD I T A M E N T A 



C O M M ERG H E P I S T O L I C.I 

EX HISTORIA FLUXIONUM RAPHSONI. 
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PR^FATUR RAPHSON V$. 

EpiJloIafe<fuenm a B. Leibnteo cnm dmicijt JuiFin GaJ/ia& aMt 
communicate, ad controverjiam pracedentem fpe&ant. 

frima ac tertia ejl ipftus Leibnitii ; fecunda Newtoni; omnes ad 
anhckm-cohimuhef#< 

Prima, circa men/em Novembrem vel Decembrerp anni 17 15 
fcripta, non ejl epijlola Ma, Jed Addit amentum^ 



* \7 ^^A', Mofifieur, lalettre dont vous pourre^Jfeire ufage, fi voqg 
*' V le jugez a propos. Je viens maiateriant a ce qui nous regarded 
** Je fuis ravi que yous eftes en Angleterre ; il y a dequoy profiler ; & il 

faut avouer qu'il y a la de tres habiles gens ; mais ils voudroient pafler 
** pour etre prefque feuls inventeurs ; & c eft in quoy apparemment ils nc 
" reuffiront pas. II ne paroift point que M. Newton ait eu avant moy 1* 
*' charafteriftique & l'algorithme innnitefimal, fuivant ce que M. Ber- 
" noulli a tres bien juge : quoyqu'il luy auroit ete fort aife d*y parvenir, s'il 

s'en fut avife. Comme il aaroit ete fort aife a Apollonius de parvenir a 
" l'Analyfe de Des Cartes fur les courbes, s'il f'en etoit avife. Ceux qui 
" ont ecrit contre moy n'ayant pas fait difficulte cPafctaquer ma candeur, 
4t par des interpretations fbrcees & rrial fondees ; ils n'auront point 1» 
" plaifir de me voir repondre a de petites raifons de gens, qui en ufent fi 
*' mal, & qui d'ailleurs s'ecartent du fait, II s'agit du calcul des differen- 
** ces, & ils fejettentfur les feries, 06 M. Newton m'a precede tins dif-» 
** ficuke; mais je trouvay enfin une methode generale pour les feries, & 
*' apres cela je n'avoit plus befbin de recourir a fes extractions* Ils au- 
*' roient mieux fait de donner les lettres entieres, comme M. Wallis a fait 
*' avec mon confentement, & il n'a pas eu la moindre difpute avec moy, 
*' comme ces gens la voudroient perfuader au public. Mes adverfaires 
14 n'ont publie du Commerctum Eptftoticum de M. Collins, que ce qu'ils 
*' ont cru capable de recevoir leur mauvaifes interpretations. Je fis con- 
** noiflance avec M. Collins dans mon fecond voyage d'Angleterre ; car au 
«* premier {qui dura tres peu, parceque j'etois venu avec un miniftre pub- 
*' lie) je n'avois pas encore la moindre connohTance de la geometrie a van- 
*' cee, & n'avois rien vu, ni entendu, du commerce de M. Collins avec MelT. 
*' Gregory & Newton ; comme mes lettres echangees avec M. Oldenbourg 
4t en ce temps la, & quelque temps apres, feront aflez voir. Ce n'elt 
«* qu'en France que j'y fuis entre, & M. Hugens m'en donna I'eniree. 
** Mais a mon fecond voiage, M. Collins me fit voir une partie de fon 
4< commerce, & j'y remarquay que M. Newton avoua aufli fon ignorance 
** fur plufieurs chofes ; & dit entre autres, qu'il n'avoit rien trouve fur la 

4 G 2 4 2 dimehuo* 
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" dimenfion des curvilignes celebres que la dimenfion de laciflbide* Mats. 
*' on a fupprime tout cela. Je fuis fache qu'un auffi habile homme que 
" M. Newton s'eft attire la cenfure des perfonnes intelligentes, en defe- 
*' rant trop aux fuggeftions de quelque flatteurs, qui 1'ont voulu brouiller 
" avec moy. 

'* Sa philofophie me paroit un peu etrange, & je ne crois pas- qu'elle 
" puifle s'etablir. Si tout corps eft grave, il fautr neceflairement (quoyque 
" difentfes defFenfeurs, & quekjue emportemetit-quils temoignent) que lai 
" gravite foit une qualite occulte fcholaftique, ou 1'efFect. d'un miracle.. 
" J'ay fait voir autrefois a M. Bayle, que tout ce qui n'eft pas explicable par 
" la nature des creatures eft miraculeux. II ne fuffit pas de dire, Dieu a 
" fait une telle loy de nature, done la chofe eft naturellc II faut que la, 
'* loy fait executable par les natures des creatures. Si Dieu dbnnoit cette 
" loy, par exemple a mi corps libre, de taurner- a 1'entour- d'un certain 
'«* centre, il faudroit ou qu'il y joignit d'autres corps, qui par leur impul* 
*' fion I'abligcaflent refter toujours dans fon orbite circulaire, ou qu'il mit 
*' une ange a fes trouffes ; on enfin il faudroit, qu'il y concourut extraoiv- 
«* dinairement. Car naturellement il s'ecartera par la tangente. Dieu 
" agit continueMement fur les. creatures par la confervation de Jeur natu-» 
" res, & cette confervation eft une production continuelle de ce qui eft 
" perfe&ion en eiles. H eft inlelligentia jupramundana prarce, qu'il n'eft 
" pas Tame du monde, & n'a pas befoih defenforium. 

" Je ite trouve pas le vuide demonftre par lesraifons de M. Newton, ou. 
'* de fes fect'ateurs ; non plus que la pretendue gravite univerfelle, ou qua. 
" les atomes.. On ne peut donner dans le vuide & dans les atomes, que, 
" par des vues trop bcrnees. M. Clarke difpute contre le fentiment des, 
" Cartefiens, qui' croyent que Dieu ne fauroit deftruireune partie.de la ma-v 
" tiere, pour faire un vuide;. mais je m'etQime, qu'il ne voye point, que ft 
" l'efpace eft une fubftance difTerente de Dieu, la merne di-fficulte s'y trou-, 
" ve. Or de dire que Dieu eft l'efpace, e'eft luy donner- des parties.. 
" L'efpace eft l'ordre des coexiftences ; & le temps eft l'ordre des exiftences, 
" fucceftives. Ce font des chofe.s veritajbles,. mais idealcs;, comme les, 
'* n ombres. 

" La matiere me*me n'eft pas une fubftance, mais, &\ikmctitfu6/ta*ttia-, 
*' turn, un phenomene bien fonde, & qui ne trompe point,, quand ony pro--. 
'« cede en raifonnant fuiyant les loix ideales de l'arithrnetique, de la geome-, 
" trie, & de la dynarnique, &c. Tout ce que j*"advance en cela paroift deV, 
" montre. A propos de la dynarnique,. ou de la doctrine, des forces, je> 
•*' m'etoune que M. Newton "& fes fe&ateurs croyent que Dieu a fi mal 
** fait fh machine, erne s*il n'y mettoit la main extraordinaireroent, la. 
'* montre cefferoit bien t6t d'allcr. C*eft d'avoir des idces bien etroites de, 
"la {agefie & de la puiflance de Dieu. J'appelle extraordinaire toute ope- 
** ration de Dieu, quidemande autre chofe que la confervation des natures. 
** des creatures. Ainfi quoy que je croye la metaphyfique.de ces meflieurs. 

la, a narrow one, & leur mathematique aflez arrivable ; je ne. laifle pas< 
* d'eftimer extremement les meditations phyfico-mathematiques, de M.. 

" Newton ;' 
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** Newtdn? & vous obligeriez infiniment le public, moniieur, fi vous. 
** portiez cet habile homme a nous donner jufqu'a fes conjectures en phy- 
** fique. J'approuve fort fa methode de tirer des-phenomenes, ce qu'on en 
'' petit tirer fans rien fuppofer, quand mime ce ne. feroit quelquefois que 
'* tirer des confeqliences conje£turales. Cependant quand les data ne fuf* 
"** fifent point, il eft permis (comme-on- fait quelquefois en dechifrant) 
** d'imaginer des hypothefes ; & fi eltcs font heureufes, on s'ytient provi- 
" lionellement, en attendant que des nouveiles experiences nous, appor- 
«« tent nova data, & ce qve Bacon apelle Experimenta Cruets, pour choifir 
*' entre les hypothefes.- Comme j'apprends que certain Anglois ont mal 
reprefente ma philo-fophre dans leur Tranfadions, je nedoute point qu'- 
■** avec ce que je vous mande iey, je nc purfle etre juftifie. Je fuis fort 
«' pour la philofophie experimental©, mais M. Newton s*en ecarte fort, , 
" quand il -pretend que toute la matiere eft pefante, era que chaque partiel 
«« de la matiere^ attire chaque autre partie ; ce que les experiences ne prou- 
"«* vent nu-lment," comme M. Hugens a deja fort bien juge, la matiere 
" gravifique ne fauroit avoir -elle meme cette pefanteur, dont'ell'e eft la' 
'* caufa, &'M. Newton-n'apporte-aiscune experience, ni raifon fuififante, pour " 
«■ le vuide & les atomei, ou-pour l'attradtion mutuejle generale. Et parce 
" qu'on ne fait pas encore parfaitement, So en detail^comment fe produif^ 
la ^gravite, ou^la for-ce elaftique, ou la magnetique, &c r on n^a" pas rai- 
" fon pour cela d'en farre des qualitdz occulters fcholaftiqties, ou des mira- • 
" cles; mais on a encore moins raifon de-donner des bornes'a la fagefle 6c 
**■ a la puiflance de Dieu, & de luy attribuer un ftnforium &'chofes fembla— 
bles-.; Au refte, je m'etoftna que les feftateurs de* M. Newton ne doh- 
44 nent rien, qui marque que leur rhaiftre leur a communique une bonne.- 
^-methode j'ay ete plus heureux en difciples." 

Ueicejler- Fields, . 

g"I R; London', Feb. 26, • 

Y.O.U know that the CvmmerciumrEpiJfolieum contains theantient letters 
and 'papers preferved in the Archives and letter-hooks of the Royal So- 
ciety, and library of Mr. Collins, relating; to the difpute between Mr. Leib-. 
«itz.. and dodo* Keill ; . and that they were collefted and pubHflied by a 
numerous committee of gentleman .of ' feveral nations, appointed by the* 
Royal Society for. that purpofe. Mr. Leibnitz has hitherto avoided return-- 
ing ananfwer to the fame ; for the book is matter of faft, anduncapable 
of' an anfwen To avoid anfwering ir^ he pretended the firft year that he 
had not feen this book,, nor had leiiure to examine it, .but had defired an 
eminent mathematician to examine it. And the anfaerot the mathema- 
tician (or pretended mathematician) dated June 7, 1713, was inferred in- 
to a defamatory letter dated July 29 following, and pubhflwd in- Germany 
without the name of/the author or printer, or city wheee it was printed... 
And the whole has hecafince traxiflatediuto. French,, .and infcrtcd into ao- ' 

other 
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Other abufive letter (of the fame author, as I fuppofe) and anfwered by 
Dr. fCeill in July 1 71 4 ; and no anfwer is yet given to the doctor. 

Hitherto Mr. Leibnitz avoided returning an anfwer to the Commercmnt 
Ilpijhitcum, by pretending that he liad not feen it. And now he avoids 
it, by telling you, that the Englifh mall not have the pleafure to fee him 
Return an anfwer to their flender reafonings (as he calls them) and by en* 
deavounng to engage me in deputes about Philofophy, and about folving 
of Problems ; both which are nothing to the queftion. 

As for Philofophy, he colludes in the unifications of words, calling 
thole things miracles, which create no wonder; and thofe things occult 
qualities, whofecaules are occult, though the qualities thernfelves be ma* 
mftit; and thofe things the fouls of men, which do not animate their 
bodies. His Harmoma Prafabilita is miraculous, and contradi&s the daily 
experience of all mankind ; every man finding in himfelf a power of fee- 
wg^vith his eyes, and moring his body by his will. He prefers hypo- 
thefes-to arguments of induction drawn from experiments ; accufes me of 
opinions which are not mine; and inftead of propofing queftions to be 
examined by experiments before they are admitted into Fhilofophy, he 
propofes Wpotheies to be admitted and believed, before tljey are examined: 
£ut all this is nothing to the Commtrcium Epiftolicum. 

He .complains of the committee of the Royal Society, as if they had 
^ed partially 111 omitting what made againft me; but he ails in proving 
*ne accuf ation. F or he usances in a paragraph concerning my ignorance, 
pretending that they omitted it, and yet you will find it In theCommer- 
cium Ept/lohcum pa? . J47 , i in . ?j ^ ^ I am tt pt alhamed of it. He 
laitn, that he faw this paragraph in the hands of Mr. Collins when he 
*vas m London the fecond time; that is, in October 1676. It is in my 
letter of the 24th of Odtob. ,676, and therefore he then faw that letter, 
^nd m that and fomeother letters writ before that time, 1 defcribed my 
method of fluxions. And in the fame letter I defcribed alfp two general 

Lefbnitz ° ° f Which iS n ° W Ckimcd from m? b * Mr * 

I believe yWiH think it reafonable, that Mr. Leibnitz be conftant to 
■Avnfu acknowled ge what he acknowledged above 1 c years ago; 
and ftiU forbear to contradia what he forbore to contradia in thofe days. 

« l^rf L ™ 2 ? h ° f M V l6 75» ^ acknowledged the receipt of 
a letter from Mr. Oldenburg, dated the 15th of April 1675, with federal 
..converging feries contained therein. And 1 expea from him, that he £1111 
^knowledge the receipt thereof. Many gentlemen of Italy, France, and 
'^e^Ziir^f'^ °?f ° f them ) have fe ™ ** on^mi letters, and 
SrieTlf r ^ m - tH f ° id letter -books of the Royal Society ; and thf 
■or^ !• 13 U \ th l' ktter Gf the 1 5* of April 1675, and in Gre- 

gory « ordinal letter, dated the 15th of Feb. 1671. 

he a U rk,if ?i * f£ he t 2t] ? ° f U V l6 7 6 ( fee "V fHe fame gentlemen) 
llL/rr ~W tHat he then Wanted Method for finding! Series for 
ifcearc *vhofefine wa« glV en ; and, by confequence, that he wanted it when ' 
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fie- wrote his fetter of the 24th of October 1674 5 arid I expea that he AM 
acknowledge it, 

t In t\i<z AUa Erudhorum for May 1700, in anfwer to Mr. Fatio, who^ 
hii fiidj that I was the bldeft inventor by many year's, Mr. Leibnitz ac- 
knowledged that nobody, fo far as he knew, had the method of fluxions 
©r differences' before me and him ; and that nobody before me had proved, 
r>y a ffJecimen made poblick, that he had it. Here he allowed, that I had 
th& rtiethod before it was publtfhed, of communicated by him to any bod* 
ufGetmany ; that the Primipia Phihfopbia were a proof that I had it, 
a^aHhe'firir; fpecirribn made poblitk of applying it to the different pro- 
blems : and I expea, that he ftill continue to make the fame acknowledg- 
ment. At- that time he did not deny what Mr. Fatio affirmed, and no- 
thing but want of candour can make him unconftant to himfelf. 

Iii a letter to me dated the 7th 1 of March 1693, and now in the cuftody 
of the Royal Society, he wrote/ Mirjfiet amphvaveras geomefriam tuts fe- 
riePus yfededitf Printipiorttm operf, oftendijti patere tibi r qua analyfi recefta 
nonfubjun% ^ Cenaius fum tgo fldtfut, notis commodh adbibith, qua differen- 
tial • S? fitmmetz exhibini, geometrim tllofrt fotaih tranfeendentem appelh, ana- 
lyfi qmdamfhodo fubjicere, nec res male prccejjit. And what he then acknow- 
ledged, he ought ftill to acknowledge. 

In his letter of the 21ft of June 1677, writ in anfwer to mine of the 
24th of Oaober 1676, wherein I defcribed my method partly in plain- 
words, and partly in cyphers; he faid, that he agreed with me, that the 
method of tangents of Slufiire was not yet made perfea,-- and then fet 
down a Differential Method of Tangents, publiftied by Dr. Barrow in the 
year 1670, and difguifed it by a new notation, pretending that it wns his 
own, and mewed how k might be improved, fo as^ to perform thofe things 
which! had afcribed to my method ; and concluded from thence, that 
mine differed not much from his, efpecially fince it facilitated quadratures. 
And in the ABa Erudhorum for Oilob. 1684, in" publilhing the Elements- 
of his Method, he added, that it extended to the difficulter problems,, 
which without this method; or another like it, could not be managed fo 
eafify. He umfcrflood therefore in thofe days, that in the year 1676, 
when I wrote my faid letter, I had a method which did the fame thinp s 
with the method which he calls Differential, and he ought ftill to acknow- 
ledge it ; efpecially now the fentences in cyphers are decyphered, and 
other things in that letter, relating to the method, are fully explained, and 
the Compendium mentioned therein made publick. 

In his letter of the 27th of Auguft 1676, be reprefented, that he did' 
not believe that my methods were lb- general as I defcribed them in my 
letter of the 13th of June preceding; and affirmed, that there were many 
problems fo difficult, that they did not depend upon equations or quadra- 
tures, fuch as (amongft many others) were the inverle problems of tan- 
gents. And by thefe words he acknowledged, that he had riot yet found 
the reduaibn of problems to Differential Equations. And what h$ then 

1 'acktibW* '■' 
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acknowledged, he acknowledged /again in the J3a Eruditorum for April 
1691, pag. 178, and ought in candour to acknowledge ftill. 
, Doclor VVallis, in the .preface-to the two firft volumes of his works, 
publifhed in April 1695, wrote, that I, in my two letters written in the 
year 1676, had explained to Mr. Iieibnitz the method (called by me, the 
Method of Fluxion?, . and by him, the Differential Method) invented by 

: me ten years before, or above .(that is, in the year 1666, or before) : and 
See Waiiis's 111 ^ e letters which followed between them, Mr. Lieibnitz 

•.Vol. in. pag. ?had notice of this paragraph, and did not then contradict it,: 
654, fin. a. , nor f ounc j an y f^uic w ith ] t . an d 1 eK pec^ that he ftill for- 
bear taxontradict it. 

. But as he has lately attacked me with an accufation which amounts to 
plagiary ; if he goes on to accufe me, it lies upon him by the laws of all 
cations to prove his accufations, on pain of being accounted guilty of ca- 
lumny. He hath hitherto written letters to his correspondents full of af- 1 
firmations, complaints and reflections, without proving any thing. But 

; he is the aggreflbr, and it lies upon him to prove the charge. 

I forbear to defcend further into particulars; you have them in the Com- 
ivercium Eplftolkumi and the abftract thereof, to both which I refer you* 

J am, Sir, yours, &c. 

'* MONSIEUR, 

C ' E ST fans doute pour Famqur de la verite, que vous vous etes charge 
**' d'une.efpace de cartel de la part de M f Newton. Je n'ay point voulu 
-* entrer en, lice avec des enfans perdus, qu ? il avoit detaches contre moy; 

foit qu'on entende celuy, qui a fait l'accufateur fur le fondement du Com- 
■* meraum Epijidhcum 4 foit qu'on regarde la preface pleine d'aigreur, 
•« qu'un autre a mife devant la nouvelle edition de fes principes. Mais 
'* ^puiqu'il veut bien paroitre luy meme, je feray bien aile de luy donner 

* latisfa&iou. t ; - . ' " • • , : 

* ' Je fus furpris au commencement de cette • difpute d*apprendre fjtfdn 
'** m*accufoit d'etre l'aggreffeur ; car-, je ne me fouvenois pas d'avoirparle de 

. * M. N. que d'une maniere fort obligtmnte. Mais je vis depui&,^tfon abu- 
r « foit pour cela d'un paft'age des Aeles de Leipzig du Janvier »i*705, ou il y 
« a ces mots: Pro dtferentiis L„>fa«is> IX* N....nus adhibat, fimpetftu ad^ 

* hibuit Juxiones ; ou 1'auteur des remarques fur le Commerciura Epiftoli- ' 

* cum dir, pag. 577, Sen/us verborumejt, qu&d ^^..nus fiuxiones differ entiis 
«■ L.....tiams jubptnjt. Mais ceft une interpifetatiqn maligne d'un homme 

* .qyi.cherchoit noife : il femble que 1'auteur de paroles iniere dans les Ac- 
1 tiis de Leipzig h voulu y obvier tout expres, par ces mots, adbibet fern- 
«. prrque adhibuii ; pour hifviuec, quece n'eft pas apres la veue mes dif- 

* fercnccs,. mais deja auparavant, q^'il s'eft fervi de fluxion 8. Et je defle, 
<l ui que .ce loit, de donuor un autre but raifonnable a ces paries, femper- 

* r yue adhibuii Au lieu qu'on fe fert du mot fubftituit, en parlant de ce 
' lePtre Fabri avoit rait npres Cavallieri. D'ou il faut conciure 011 

* ; * que 
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•que M.N. s'eft laifle tromper, parun homme qui a empoifonne ces paro- 
dies des AcTres, qu'on fuppofoit n'avoir pas ete publiees fans ma eonnoif- 
' fance, & s'eft imagine qu'on l'accufoit d'etre plagiaire; ou bien qu'il a 
« ete bien aife de trouverunpretexte, de s'attribuer ou faire attribuer prive- 

* ment l'invention du nouveau calcul (depuis qu'il en remarquoit le fuc- 

* ces, & le bruit qu'il faifoit dans le monde) contre fes connoiftances con- 
« traires avouees dans fon livre des Principes, pag. 253, de la premiere 

* edition. Si Ton avoit fait connoitre qu'on trouvoit quelque difliculte, ou 

* fujet de plainte, dans les paroles des Aftes de Leipzig; je fuis affure, que 
« ces meffieurs, qui ont part a ces Actes, auroient donne un plein contente- 
6 ment ; mais il femble qu'on cherchoit un pretexte de rupture. 

* Jen'ay paseu connoiflance du numerous committee of gentlemen of feve- 
« ral nations relating to the difpute ; car on ne m'en a donne aucune part, 
« & je ne fay pas encore prefentement les noms de tous ces commiflaires, 6c 
« particulierement deceuxqui ne font pas des ifles Britanniques : je ne crois 

* pas qu'ils approuvent tout ce qui a ete mis dans l'ouvrage public con- 

' tre moi. v 

* II eft aise a croire que j'ay ete quelque temps a Vienne, avant que 

* d'avoir vu le Commercium Epiftolkum deja publie, quoique j'en euffe des 
« nouvelles. Ainfi un ami fachant cela, auffi zele pour moi que les fe- 
« conds de M. N. le peuvent etre pour luy, a publie une papier, que M. 
« N appelle difFamatoire^/^/ory /^r.y Mais cette piece : 11'etant pas 
« plus forte, que ce qu'on a public" contre moi, M. N. n a pas drott de s en 

* plaindre. Si Ton n'a pas marque 1'auteur ni le lieu de l'lmpreffion du 
« papier ; on connoit aflez le nom & le lieu de 1'auteur de la lettre y m- 

* feree d'un excellent mathematicien, que i'avois pne de dire fon fentiment 
« fur le Commercium, & cela fuffit. M. N. (dont les partilans ont marque 

* qu'il ne leur etoit pas inconnu) l'appelle un mathematicien, ou pretendu 
« mathematicien ; & apres avoir fait inutilement des efforts pour le gagner, 
« il le meprife contre l'opinion publique, qui le met entre ceux du premier 

* rane & contre l'evidence des chofes verifiees par fes decouvertes ? ^ 

' Lors que i'eus enfin le Commercium Epijlohcum, je vis qu on s y ecar- 
« toiteutierement^dubut ; & que les lettres, qu'on publiott, ne contenment 

* Das un mot, qui peut faire revoquer en doute mon invention du calcul des 

* differences, dont il s'agiflbit. Au lieu de cela je remarquay qu on fe jet- 

* toUfurlesferies; ou l'on accorde lavantage a M. N. & que lesrematques 

* cci tenoient de glofes mal tournees, pour tacher de me decner par des 

* f— s fans fondement quelquefois ridicules, & quelquefds torges, 
2e k confcience de quelque. uns de ceux qui en Stc-ient les auteurs, ou 

' ^re^ndre done de point en point a l'ouvrage public contre moi il 
. fallnit un autre ouvrage auffi grand pour le moms que celuy la; il falloit 
entre d^s un grand detail de^uantitate de minuties paflks il y a jjo ou 
, ^tteLcfo U venoi^res; il mc rallo^ c-chermes v ^ 
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* ^rand tas de papiers, qui je ne pouvois debrouiller qu'avd: du temps & 

* de la patience. Mais je n'en avois gueres le loifir, Itaiit charge prefente- 
4 ment d'occupations d'une toute autre nature. 

* De plus je remarquay, que dans la publication du Commereium Epijioti* 
1 cum on a{ fupprime des endroits qui pouvoient etre au defadvantage de 

* M. N ; au lieu qu'on n'y a rien omis, de ce qu'on croyoit pouvoir touraer 
' contre moi par des glofes forcees. Comme je n'ay pas daigne lire le 

* Commereium Epljiolicum avec beaucoup d'attention, je me fuis trompe 

* dans l'exemple que j'ay cite, n'ayant pas pris garde, ou ayant oublie 

* qu'il s'y trouvoit ; mais j'en citeray un autre. M. N. avouoit dans un 

* des fes lettres a M. Collins, qu'il ne pouvoit point venir a. bout des fec- 

* tions fecondes (ou fegments ieconds) de fpheroides, ou corps femblables : 

* mais on n'a point iniere ce paflage, ou cette lettre, dans le Commereium 
4 Epijiolicum ; il auroit ete plus fincere par rapport a la difpute, & plus 

* utile au public, de donner le commerce litteraire de M. Collins tout en- 

* tier, la ou il contenoit quelque chofe qui meritoit d'etre lu ; & particu- 
' lierement de ne pas tronquer les lettres; car il y en a peu parmi mes pa- 

* piers, ou dont il me refte des minutes. 

' Ainfi tout coniidere, voyant tant de marques de malignite & de chi-» 
4 cane, je cms indigne de moi d'entrer en difcuffion avec des gens, qui en 

* ufoient fi mal. Je voyois qu'en les refutant on auroit de la peine a eviter. 

* des reproches, & des expreffions fortes, telles que meritoit leur procede j 
' & je n'avois point envie de donner ce fpe&acle au public, ayant deflein 

* de mieux employer mon temps, qui me doit etre precieux, & meprifant 
' affez lejugement de ceux, qui fur un tel ouvrage voudroient prononcer 

* contre moi, d'autant que la Societe Royale meme ne la point voulu faire ; 

* comme je Fay appris par un extrait de fes regiftres. 

* Je ne crois point d'avoir dit (comme M. N. me l'impute^ que les An- 

* glois n'auroient point le plaifir de me voir repondre k des raifonnemen* 

* ii minces ; car je ne crois point que tous les Anglois faflent leur caufe de 
4 celle de M. N. il y en a de trop habiles & de trop honnetes pour epoufer 

* les paffions de quelquesuns de fes adherens. 

4 Apres cela, il m'accufe d'avoir voulu faire diverfion, en combattant fa 

* philofophie, & en voulant l'engager dans des problemes ; mais quant h 
4 la philofophie, j'ay donne publiquement quelque chofe de mes principes 

* fans attaquer les fiens ; fi ce n'eft que par occafion j'en ay parle dans des 

* lettres particulieres, depuis qu'on m'en a donne fujet ; & pour ce qui eft 
4 des problemes, je n'ay garde d'en propofer a M. N. car je ne voudrois pas 
4 rn'y engager, quand on m'en propoferoit a moi: nous pouvons nous er* 
« difpencer a l'age ou nous fommes j mais nous avons des amis, qui ypeu.* 
' vent fnppleer a notre defaut. 

* Je ne veux point entrer icy dans le detail de ceque M. N. dit un peu 

* aigrement contre ma philofophie ; car pour la fienne, ce n'en eft point le 

* lieu. J'apelle Miracle tous evenement qui ne peut etre arrive que par la 

* pmlfauce de Createur, faraifon n'etant pas dans la nature des creatures ; 

* &«pjaud on veut neanmoins l'attribuer aux qualites ou forces des creatures^ 
« • : , * * alors 



C O MM ER.CM EPISTOL I C I. 

« alors j'appelle cette quallte tine quail te' accithe h la fcbolaftique; e'eft k dire, 
4 qu'il eft impoffibile de rendre manifefte : telle que feroit une pefanteur 
4 primitive; carles qualites occultes qui ne font point chimeriques, font 
4 celles dont nous ignorons la caufe, mais que nous n'excluons point ; & 
4 j'appelle Tame de Thornine cette fubftance fimple, qui s'appercoit de fe 
4 qui le paffe dans le corps humain, & dont les appetits ou volontes font 
4 fuivis par les efforts du corps. Je ne prefere pas les hypothefes aux ar- 
4 guments tirez de l'indu£t.ion des experiences, mais quelquefois on fait 

* pafler pour inductions generales, ce qui ne confifte qu'en obfervations par- 
4 ticulieres, & quelquefois on veut faire pafler pour une hypothefe ce qui 
4 eft demonftratif. L'idee que M. N. donne icy de mon harmonie preeta- 
4 blie n'eft pas celle qu'en ont quantite d'habiles gens hors d' Angleterre, 
4 & quelques uns en Angleterre ; & je ne crois pas que vous meme Monf. 
4 en ayez eu utie femblable, ou l'ayez maintenant, a moinsque d'etre bien 
4 change. M 

4 Je n'ay jamais nie,, qu'a mon fecond voyage en Angleterre j aye vu 

* quelques lettres de M. N, ehez- Monfieur Collins; mais je n'en ay jamais 
4 vu, ou M. N. ait explique fa methode des fluxions, & je n'en trouve point 
4 dans le Commereium Epijiolicum. 

* Je n'ay pas vu n©n plus qu'il ait explique la methode des fenes que je 
4 m'attrLbue ; je crois qu'il veut parler de celle ou je prends une fenes ar« 
4 bitraire ; je l'ay fait avant mon fecond retour en Angleterre. Je ne me 
4 pourtant pas, que M. N. n'eut pu l'avoir auffi, & ce n'eft pas meme une 
4 invention fort difficile. 

4 M. N. veut quej'avoue, & que j'accorde ce que j ay avoue ou accorde 

* il y a i c ans. Ou autrement on devroit en attendre de luy autatit ; car ii 
4 y a maintenant deux fois quinze ans, que dans la premiere edition de fes 
4 Principes, pag. 25,3, 254, il m'accorde l'invention du cakul des difte- 
4 rence S> inaependement de la fienne; & depuis il s'eft avise, je ne icay 
4 comment, de faire foutehir le eontraire. 

4 II eft bon de favoir, qu k mon premier voyage d'Angleterre en 1673, je 
4 n'avois pas la moindre connoiffance des feries infinies, telles que M. Mer- 
4 cator venoit de donner, nyd'autres matieres de la geometne avancee par 
4 les dernieres methodes: jen'etois pas meme aflea verse dans 1 analyle de 
4 Des Cartes ; je ne traitois les mathematiques que comme un 1 arergon ; 
4 & ie ne favois guere que la geometrie pratique vulgaire, quoy quej euile 
4 vu par hazard la geometrie des indiviiibiles de Cavallen, ^un livre de 
4 Pere-Leotaud, ou il donnoit les quadratures des lunules & figures fern- 
4 blables, ce qui m'avois donne quelque curiofite ; mais ie me divertirlois 
4 pluftot aux propriety des nombrcs, a quoy le petit traite que j avois pub- 
4 lie, prefque petit garcon, de l'art des combmaifons en 1 666 m avo t donne 
4 occalion 5 & ayant obferve des lors l'ufage des^diiferences pour les fom- 
4 mes, je l'appliquay a des fuites de nombres. On voit bien par mes pre- 
4 mie^s lettres echangees avec M; Oldenbourg, que je n'etois guere alk 
4 plus avant, auffi n'avois je point alors la connodW de M. Collins, quoy 
4 qu'on ait feint malicieutement le eontraure. . ■ ^ 



A D D I T A M E N T A 



' Ce fut pea -A peu que M. Hugens me fit entrer en ces matieres, quand 

* je le pratiquois a Paris, & cela joint au traite de M. Mercator (que j'avois 
' rapporte avec moi d'Angleterre parce que M. Pell m'en avoit parle) me 
1 fit trouver environ, vers la fin de Fan 1673, ma quadrature arithmetique 

* du cercle, qui fut fort approuve par M. Hugens, & dont je parlay a M. 
4 Oldenbourg dans une lettre de Tan 1674 : alorsny M. Hugens ny moi, 
' nous ne favions rien des feries de M. N. ny de M. Gregory. Ainfi je 
' crus etre le premier, qui eut donne la valeur du cercle par une fuite de 

* nombres rationaux, & M. Hugens le crut auffi ; j'en ecrivis fur ce ton-Is 
' a M. Oldenbourg, qui me repondit qu'on avoit deja de telles feries en An- 
' gleterre ;' & Ton voit par ma lettre du 15 Juillet de 1674, & par la re- 
' ponfe de M. Oldenbourg du 8 Decembre de la meme annee, que je n'en 
' devois avoir aucune conn&iflance alors ; autrement M. Oldenbcnirg n'au- 
' roit pas manque de me le faire fentir, fi luy ou M. Collins m'en euftent 

* communique qnelque chofe ; mais je ne favois pas alors les extractions 

* des racines des equations par des feries, ni les regreffions ou l'extrac- 
' tion d'une equation infinie ; j'etois encore un peu neuf en ces matieres ; 
« mais je trouvai pourtant bientot ma methode generale par des feries ar- 
' bitraires ; & j'entrai enfin dans mon calcul des differences, ou les* ob- 

* fervations que j'avois faites, encore fort jeune, fur les differences des fuites 

* des nombres, contribuerent a m'ouvrir les yeux ; car ce n'eft pas par les 

* fluxions des lignes, mais par les differences des nombres qve j'y fuis venu, 

* en confiderant enfin que ces differences appliquees aux grandeurs qui cro- 

* iflent continuellement, s'evanouiffent en comparaifon des grandeurs dif- 

* ferentes, au lieu qu'elles fubfiftent dans les fuites des nombres. Et je 

* crois que cette voye eft la plus analytique ; le calcul geometrique des dif- 

* ferences qui eft le meme que celuy des fluxions, n'etant qu'un cas fpe- 
' cial, devient plus commode par les evanouifTements. 

« M. N. allegue par apres les paflages, ou j'accorde, qu'il y a un calcul 
' approchant de mon calcul des differences ; mais il pourra bien fe fouvenir 
4 qu'il m'en a accorde autant, et s'il luy eft permis de fe retracTer, pour- 

* quoy ne me fera t'il pas permis d'en faire autant, fur tout apres les ve- 

* rifimilitudes que M. Bernouilli a remarquees ? J'ay une fi grande opinion 

* de la candeur de M. N. que je l'ay cru fur fa parole ; mais le voyant con- 

* niver a des accufations dont la fauffete luy eft connue, il etoit naturel 

* que je commencalTe de douter. 

' Je ne puis avouer ny defavouer aujourdhny d'avoir ecrit, ou receu des 
4 lettres ecrites, il y a plus de 40 ans telles qu'on les a publiees ; je fuis ob- 
lige de m'en rapporter a. ce qui fe trouvedans les papiers qu'on cite, mais 

* je ne remarque rien contre moi dans celles que M. N. allegue du 15 
< Avril & 20 May 1675, & du 24 Odobre 1676, finon dans les faufletez 

du Glolateur. Je crois que e'etoit purementpar diftra&ion, dans un fejour 
4 comme celuy de Paris, ou je m'occupois a bien d'autres chofes encore 

* qu'aux mathematiques, & par l'eloigncment que j'avois des calculs, dont 

* je craignois la longueur, que j'ay demande quelquefois a M. Oldenbourg 
la demonftration ou la methode d'arriver a certaines chofes, ou j'aurois 

1 bien 
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bien pu arriver moi meme. Par exemple, je crois d'avoir deja eu au 
douzedeMay 1676, ma methode d'une feries arbitrage, qui m auroit 
pu mener a des feries, dont j'y demande la raifon. Car ayant confulte 
mon vieux traite de la Quadrature Arithmetique, acheve quelque temps 
avant ma fortie de France, je m'y fers de la feries arbitraire ; cepeodant les 
feries marquees dans cette lertre font une chofe dontje confens detre re- 
devable a d'autres, & je crois de ne les avoir pas meme coimues en 1674. 
« N'entendant pas bien ce que M. N. allegue des Ades de Leipzig de 
May 17CO, j'y ay regarde, & je trouve qu'il n'en a pas bien.pns le lens. 
11 n'y eft point parle de l'invention du nouveau calcul des differences, 
mais d'un artifice particulier des Maximis & Minimis, qui en eft indepen- 
dant, & dontje m'etois avise bien du- temps avant que M. Bernouilli eut 
propose fon probleme de la plus courte defcente, mais dont je jugeois 
que M. N. fe devoit etre avise auffi, lors qu'il avoit donne la figure de 
fon vaiffeau dans fes principes. Ainfi j'ay voulu dire qu'il a fait con- 
note publiquement avant moi, qu'il pofiedoit cet artifice ; ce que je ne 
pouvois pas dire du calcul des differences & des fluxions, puifque j en 
avois fait voir l'utilite publiquement avant la publication de ce livre. Cet 
artifice particulier de Maximis & Minimis n'eft point necefiaire, quand lis 
s'aeit fimplement d'une grandeur (car alors la methode de M. Fermat per- 
fection^ par les nouveaux calculs fuffit) mais quand il s'agit de toute une 
figure qui doit faire le mieux un effecl: demande, il faut autre chofe. ^ 
* M. N. hazarde icy une accufation mais, qui va tomber fur luy meme, 
11 pretend que ce que j'ay ecrit pour luy a M. Oldenbourg en 1677, efl 
un deguifement de la methode de M Barrow. Mais comme M. <N, avoue 
dans la pag. 253 & 254, de la premier edition de fes Principes, Me ipfi 
tunc methodum cammunMJfe & method* ipfius vix ablud.ntem prxierquam^ m 
verborum & notarum formulis, il s'enfuivra, que fa methode auffi n eft qu un. 
deeuifement de celle de M. Barrow. . 
« Te croy que luy & moi nous ferons aifement quites de cette accufa- 
tion : car une infinite de gens liront de livre de M. Barrow, lansy trou- 
ver notre calcul ; il eft vray que feu xM. Tfchirnhaus, qui s apperceut un 
peu tard de l'avantage de ce calcul, pretendoit qu'on pouvoit arnver a 
tout cela par les methodes de M. Barrow. Comme 1' Abbe Catelan I ran- 
cois pretendit que meme l'Analyfe de Des Cartes fuffifoit pour toute ces 
chofes ; mais il etoit plus aise de le dire, que de le montrer. 
< Cependant fi quelqu'un a profite de M. Barrow, ce fera plus tot M. 
N. qui a etudie fous luy, que moi qui (autant que je puis m en fouvenir,) 
n'ay veules livres de M. Barrow qu'amou fecond voyage d Angleterre, 
& ne les ay jamais Ids avec attention; parce qu'en voyant le livre je 
m'appercus que par la confederation du triangle charaOeriftique dont les 
Stez fon les elements de l'abfciffe, de l'ordonnee & de la courbe) fern- 
blable a quelque triangle affignablc, j'etois venu, comme en mejouant, 
a« quadratuL, furfaces, & folides, dont M. Barrow avoit remphs un cha, 
pitre des plus confiderables de fes le 9 ons ; outre que je ne fvus ^ venu a moiv 
calcul des differences dans la geometne, qu'apres en avoir vu.l ufige 
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* moins connderable) dans les nombres, coame- mes premieres tettres 
4 dans le Commenium Epijlolicum le peuvent infi-aeur* II fo peut que M. 
« Barrow en ait plus fou,*qu*il n*a pas xiit dans fan livre, &qu'il* a donmi 

* des lumieres a M. N. que nous nc favons - pas : & fi j'eteis fembfefcfe £ 
' certains temeraires, je pourrois afleurer fur de fimples foup^eiis, fans autre 
' fondement, que le calcul des fluxions de M. N. quel qu'il puiffo etre, 

* luv a ete enfeigne par M. Barrow. 

* On peut bien juger que lors que- jVy- parie- en* des proWemes qui 

* ne dependoient, ni des equations, ni des quadratures, j*ay voulu parler 
4 des equations telles qu'on eonnoiflbit alors dans le monde c^eft a dire, 

* des equations de l'analyfe ordinaire. Et on- le peut juger, de ee que 

* j'ajoute les quadratures comme quelque chofe de plus que ces equations. 

* Mais les equations differentielles vont au dela meme des quadratures ; & 
x 1 on voit bien que j'entendois meme parler des problemes, qui vont a ces 
« fortes d'equations inconnues alors au- public ; cette obje&Son fe-frouvoit 

* deja dans les remarques an Commercium, maisje n'avois point ctfr que M. 
' N. etoit capable de f employer. 

' J e J u g e P ar ur » endroit de m* lettre (Ju 27 d'Aouft 1676 paid. pag. 
6 539* hu j us TomiJ que je devois deja avoir alors Touverture du caf- 
' cul des differences ; car j'ay dit dVoir refolu d'abord- par tme certaine 

* analyfe fcertd Analyji JolviJ le probleme de M. de Beaune propose a M. 
' Des Cartes ; ft* cette analyfe n'etoit que cela, on le peut- refouoYe fans 
4 cela ; & je crois que Monfieur Hugens & Monfieur Barrow l'auroient 

* donne au befoin, comme beaucoup dtautres chofes : mais felon ma ma- 
' mere de noter, ce n'eft qu'un jeu ; je trouve une petite- fffate danseette 
' page, il y a ludus natttra au lieu de Ihfus nature mais. cette faute etoit 

* ancienne, & fedevoit deja trouver dans lacopie de ma lettre du 24 d'Oc- 

* tobre ( 1676, pag. 530, hujus Timii.J Hos cajus vix numeraverim in- 
1 ter lufus natura. Je n'avois point entendu ce qu'il vouloit dire, mais a 

* pretent je vois l'originede la meprifo. 

* > ne faurois dire aujourdhuy-, fi j'ay< remarque le paflagede M. Wallis, 
« ou il dit que M. N. fervoit deja la methode des fluxions en 1666. Mais 

* quand je i'aurois remarque, je Taurois laifle paffer apparemment, etant 

* fort porte alors a croire M. N. fur fa parole. Mais fon dernier proeede 

* m'a force d'etre plus circomfpect a cet egard. 

^ « M. N. dit, que je l*ay accuse d ? etre plagiaire : mais ou eft ce queje l ? ay 
« fait? Ce font fes adherens, qui ont paru intenter cette aecufation contre 

* mor, & il y a connived Je ne fay pas s'il adopte entierement ce quils 

* ont pubhe ; mais je conviens avec luy, que la malice de celuy qui intente 

* une telle aecufation fans la prouverj le rend coupable de calomnie. 

4 H finit fa lettre en m'accufant d'Srre raggrerfeur, & j'ay commence 
' celle cy en prouvant le contraire. II fera fort aise de vuider ce point pre- 

* ll ™ in . air J\ li y ae "*du mefentendu, mais ce n'eft pas ma faute; au 
reftejefuisavec zele. Monfieur, 

Hsnnover, ' V6tre tres humble & ^tres obeiflant ferviteur, 

ce 9 d'AvriIi 7 i6. « LEIBNITZ.* 

2 Cum 
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Cum JD. Leibnitius adduci non p<ffet t ut vel C&mmercio Epijiollco refponde- 
ret, vel probaret qua pro lubitn ajfirmabat, cumque pracedentes epijiolas in 
Gallium prius mitteret, quam earum tenia in Angliam veniret, & pratenderet 
je hoc facer e t ut tefies haberet, & alias etiam adhiberet contumelias : New tonus 
minime refcripjit, Jed obfervationes fequentes in epi/iolam illam tertiam fcriptas, 
cum amicis jolummodo communicavit. 

Obfervations upon the preceding EPISTLE. 

MR. LEIBNITZ, by his letter of the 29th of December 171 1, juf* 
tified the paflage in the Afta Eruditorum for January 1705, pag. 34 and 
^5, and thereby made it his own, and now endeavours in vain to excufe 
it, pretending that the words adhibet f ember que adbibuit are malicioufly in- 
terpreted by tne word fubjtituit. But in the interpretation which he would 
put upon the place, he omits the words igitur and quemadmodum ; the firft 
of which makes the words, femperque adbibuit, a confequence of what went 
before, and the latter makes them equivalent to fubjlituit ; neither of which 
can be true, in the fenfe which Mr. Leibnitz endeavours now to put upon 
the words. He has therefore accufed me. In both his letters to Dr. Sloane 
(that dated the 4th of March, and that dated the 29th of December 1 7 1 1 ) 
he prefled the Royal Society to condemn Dr. Keill ; and before I meddled 
in this matter, challenged me to declare my opinion. His words in his fe- 
cond letter are : Itaqut vejlrae ^ qui tali committo, annon care en da Jint vanee 
& injujia [Keill] vocifcrationes, quas ipft Newtono viro infigni, & gejorum 
optime conjcio, improbari ar bttror ; ejufque fententia fua libenter daturum in- 
dicia mibi perjuaaeo. The words are civil, but the fenfe is, That I muft 
either condemn Dr. Keill, or enter into a quarrel with Mr. Leibnitz ; as 
has happened : and therefore he is the aggrelfor. For it is very well known 
here, that I conftantly endeavoured to avoid thefe difputes, till they were 
prefled upon the Royal Society and me. 

•In- his letter of the 4th of March A. n. 1 71 1, he prefled the Royal So- 
ciety to condemn Dr. Keill, without hearing both parties ; and when the 
Doctor put in his anfwer, Mr. Leibnitz refuled to give his reafons again ft 
the Do&or, ealled lt injuftice to expea it from him, and yet perfifted 
mi preifing them againft him, and thereby put them upon a neceflity of 
appointing a committee to fearch out old papers, and give their opinion 
upon them, If they did it without him, it was his own fault : he was for 
ever-ruling tnem, and called it injuftice to expeft that he mould defend his 
candor, and plead before them. If they gave him no opportunity to ex- 
cept againft any of the committee ; it was becaufe he refilled to be heard : 
and they had a fufficient authority to appoint a committee without him, 
and be had no right to except againft what they did for their own fatisfac- 
tbn. If they have not yet given judgment againft hira ; it is becaufe the 
committee did not acT: as a jury, nor the Royal Society as a formal; court 
©f juftice. The committee examined M lexers and gapers,, mi JpVe: 

J timer' 
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their opinion upon them alone, and left room for Mr. Leibnitz to produce 
further evidence for himfelf. And it is fufficient that the Society ordered 
their report, with the papers upon which it was grounded, to be publifh- 
ed ; and that Mr. Leibnitz, in all the three years and four months which 
are fmce elapfed, has not been able to produce any further proof againft 
Dr. Keil!, than what was then before them. 

Mr. Leibnitz faith, That the letter which I call defamatory, being no 
fharper than that which has been publimed againft him, I have no reafon 
to complain. But the (harpnefs of the letter lies in accufations and re- 
flections, without any proof; which way of writing is unlawful and in- 
famous, and never ufed but in a bad caufe. The fharpnefs of the Com- 
mercium lies in facts, which are lawful and fit to be produced. The letter 
was publimed in a clandeftine, back-biting manner (as defamatory papers 
ufe to be) without the name of the author, or mathematician, or printer, 
or city where it was printed; and was difperfed above two years, before we 
were told that the mathematician was John Bernouilli ; the Commercium 
w^as printed openly at London by order of the Royal Society. 

The mathematician to whom Mr. Leibnitz appealed from the Royal So- 
ciety, I called a mathematician, or pretended mathematician, not to dif- 
parage the (kill of Mr. Bernouilli ; but becaufe the mathematician, in 
his letter of the 7th of June 1673, cited Mr. Bernouilli as a perfon dif- 
tintl from himfelf; and* Mr. Leibnitz lately caufed that letter to be re- 
printed without the citation; and tells us, that the mathematician was 
Mr. Bernouilli himfelf: and whether the mathematician or Mr. Leibnitz 
is to be believed, I do not know. Mr. Bernouilli had the Differential 
Method from Mr. Leibnitz, and was the chief of his difciples, and gave 
his opinion for his mafter in the Adia Leipjica before he law the Commer- 
cium Epijiolicum ; at which time he was homo novus, & rerum anteattarum 
farum peritus, as Mr. Leibnitz objected againft Dr. Keill ;' and what he 
wrote after he faw the Commercium was in his own defence, and his Ikill 
in mathematicks will not mend the matter. 

He complains, that the committee had gone out of the way, in falling 
upon the Method of Series. But he mould confider, that both methods 
are but two branches of one general method of Series : 1 joined them to- 
gether in my Analyfis ; I interwove them in the trad which I wrote in 
the year 167-1, as I faid in my letters of the 10th of December 1672, and 
the 24th of October 1676. In my letter of the 13th of June 1676, I 
faid, that my method ©f Series extended to almoft all problems, but be- 
came not general without fome other methods, meaning (as I faid in jny 
next letter) the method of Fluxions, and the method of arbitrary Series : 
and now to- take thofe other methods from me, is to reftrain and flint 
the method of Series, and make it ceafe to be general. In my let- 
ter of the 24th of October 1676, I called nil thefe methods together, 
my General Method. See pag. 547, lin. 20. And if Mr. Leibnitz 
has been tearing this general method in pieces, and taking from me 
• firft -one part, and then another part, whereby the reft is maimed, he 
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has given a juft occafion to the committee to confider the whole. It is 
alfo to be obferved, that he is perpetually giving teftimony for himfelf; and 
it is allowed, in all courts of juftice, to fpeak to the credit of the witnefs. 

He reprefents, that the committee of the Royal Society have omitted 
things which made againft me, and printed every thing which could be 
turned againft him by ft rained glolTes; and to make this appear, lie pro- 
duces in his laft letter but one, an inftance of my ignorance omitted by 
them ; but confeffes now, that he was miftaken in faying that it was omit- 
ted, and faith that he will cite another inftance. He faith, that in one 
of my letters to Mr. Collins, I owned that I could not find the fecond 
Segments of Sphaeroids, and that the committee have omitted this. If 
they had omitted fuch a paffage, I think they would have done right, it 
being nothing to the purpofe. But on the contrary Mr. Collins, in a let- 
ter to Mr. James Gregory the 24th of Decern. 1670, and in another to 
Mr. Bertet the 21ft of Feb. 1671, both printed in the Commercium Epijlo- 
licum> pag. 505, 507, wrote, that my method extended to fecond Seg- 
ments of round Solids. And Mr. Oldenbourg wrote the fame thing to 
Mr. Leibnitz himfelf the 8th of Decemb. 1674. See the Commercium 
Epijiolicum, pag. 517. So you fee that Mr. Leibnitz hath acc ufed the 
committee of the Royal Society, without knowing the truth of his accu- 
fation, and therefore is guilty of a mifdemeanour. The committee were 
fo far from acting corruptly againft Mr. Leibnitz, that they took no no- 
tice of his ignorance of geometry in thofe days, and omitted feveral other 
things which made ftrongly againft him ; fuch as were the two letters in 
my cuftody, and the paragraph in the preface to the two firft volumes of 
Dr. Wallis's works relating to this matter; and that a copy of Gregory's 
letter of the 5th of Septemb. 1670, was fent to Mr. Leibnitz in June 
1676, amongft the extracts of Gregory's letters. 

The committee in their report affirmed, that they had extracted from 
the ancient letters, letter-books and papers, what related to the matter re- 
ferred to them : all which extracts, delivered by them to the Society, they 
believed to be genuine and authentick. Mr. Leibnitz accufes them for not 
printing the letters entire, including as well what did not relate to the 
matter referred to them, as what did relate to it : as if it were not lawful 
to cite a paragraph out of a book, without citing the whole book. Thus 
he complains, that the Commercium Epijiolicum fhould have been much 
bigger. But when he is to anfwer it, he complains that it is too big, and 
would require an anfwer as big as itfelf. And fo the ancient letters and 
papers muft be laid afide, and the queftion muft be run off into a fquabble 
about philofophy and other matters : and the great mathematician who, in 
his letter to Mr. Leibnitz, dated the 7th of June 1713* concealed his 
name, that he might pafs for an impartial judge ; muft now pull oft his 
mafk, and become a party-man in this fquabble, and fend a challenge by 
Mr. Leibnitz to the mathematicians in England : as if a duel, or perhaps 
a battle with his army of difciples, were a fitter way to decide the truth, 
than an appeal to ancient and authentick writings ; and mathematicks 

Vol. IV. 4 I 



610 ADDITAMENTA 

muft henceforward be filled with achievements in knight-errantry, in- 
ftead of reafons and demonftrations. 

Mr. Leibnitz acknowledges, that when he was in London the fecond 
time, he faw fome of my letters in the hands of Mr. Collins, efpecially 
thofe relating to Series ; and he has named two of them which he then 
faw, viz. that dated the 24th of O&ober 1676, and that in which he pre- 
tends that I confefied my ignorance of fecond Segments. And no doubt 
he would principally defire to fee the letter which contained the chief of 
my Series, and particularly that which contained thofe two for finding the 
arc by the fine, and the fine by the arc, with the demonftration thereof, 
which a few months before he had defired Mr. Oldenbourgto procure from 
Mr. Collins ; that is, the Analyfis per aquationes numero terminorum infinitum 
But yet he tells us, that he never faw where I explained my method of 
Fluxions, and that he finds nothing of it in the Commercium Epijoltcum-, 
where that Analyfis and my letters of the icth of Decemb. 1672, 12th 
of June 1676, and the 24th of O&ob. 1676, are publifhed. I fuppofehe 
means, becaufe he finds no pricked letters there. And by the fame way 
of aVgumg, he and Mr. Bemouilli may pretend, that they find nothing of 
the method of Fluxions in the introduction to the Book of Quadratures. 

He faith alfo, that he never faw where I explain the method claimed 
by me, in which he afliimes an arbitrary Series. If he pleafes to look in- 
tc >the Commercium Epflolicum, pag. 5.30 and 557, he will there fee that 
I had that method in the year 1676, and five years before. And Dr„Wal- 
ljs, in the fecond volume of his works, pag. 393, lin. 32, has told him, 
that this method needs no further explication, than what I there gave of it. 
Mr. Leibnitz might find it himfelf, but not fo early ; and fecond inventors 
have no right. 

He pretends, that in my book of Principles, pag. 253, 254, I allowed 
him the invention of the Calculus Differential, independently of my 
own 1. and that to attribute this invention to myfelf, is contrary to my 
knowledge there avowed. But in the paragraph there referred unto, I do 
not find one word to this purpofe. On the contrary, I there reprefent, 
that J lent notice of my method to Mr. Leibnitz, before he fent notice of 
his method to me ; and left him to make k appear, that he had found his 
method before the date of my letter; that is, eight months at the leaft 
before the date of his own. And by referring to the letters, which raffed 
between Mr. Leibnitz and me ten years before, I left the reader to confult 
thole letters, and interpret the paragraph thereby. For by thole letters 
he would lee, that I wrote a trad on that method, and the method of Se- 
ries together, five years before the writing of thofe letters ; that is, in the 
year 1671 And thefe hints were as much as was proper in that fhort pa- 
ragraph, it being befides the defign of that book to enter into difputes 
about thefe matters. 

He faitli th at when he was in the firft time, which was in Ja- 

A« Ty !!r Ffcbrusu 7 l6 73> he knew nothing of Infinite Series, nor of the 
advanced geometry, nor was then acquainted with Mr. Collins, as fome 

have 
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have malicioufly feigned. But who hath feigned this, or what need there 
was of feigning it, I do not know. At that time Dr. Pell gave him no- 
tice of Mercator's Series for the Hyperbola, and he carried Mercator's book 
with him to Paris, though he did not yet underftand the higher geometry. 
And any of thofe to whom Mr. Collins had communicated mine and Gre- 
gory's Series, might give him notice of them, without his being acquaint- 
ed with Mr. Collins. 

He faith, that after his coming from London to Paris, his firfl: letters 
were of other matters than geometrical, till Mr. Huygens had inftruclred 
him in thefe things ; and that he found the arithmetical quadrature of the 
circle towards the end of the year 1 683, and began to write of St to Mr. 
Oldenbourg the next year, and found the general method by arbitrary Se- 
ries a little after, and the Differential Calculus in the year 1676, deducing 
it from the Series of numbers ; and that in his letter of the 27th of Au- 
guft 1 676, by the words certd Analyfi, he meant the Differential Analyfis. 
And am not I as good a witnefs, that I invented the methods of Series 
and Fluxions in the year 1665, and proved them in the year 1666 : and 
that I ftill have in my cuftody feveral mathematical papers written in the 
years 1664, 1665, and 1666, fome of which happen to be dated: and 
that in one of them, dated the 13th of Novemb. 1665, the direct method 
of Fluxions is fet down in thefe words : 

Prob. An equation being given, exprejjing the relation of two or more lines, 
x, y, z, &c. defer ibed in the fame time by two or more moving bodies, a, b, c, 
&c. to find the relation of their velocities, p, q, r, &c. 

Resolution. Set all the terms on one fide of the equation, that they be- 
come equal to nothing. Multiply each term by fo many times as x hath di- 

menfions in that term. Secondly, Multiply each term byfo many times j as y 

hath dimenfions in it. thirdly, Multiply each term byfo many times ~ as x 
hath dimenfions in it, &c. The fum of all thefe produces fhall be equal to no- 
thing. Which equation gives the relation of p, q, r, &c. : and that this re- 
folution is there illuftrated with examples, and demonftrated, and applied 
to problems about tangents, and the curvature of curves : and tfort in 
another paper dated the 16th of May 1666, a general method of relolving 
problems by motion is fet down in {even proportions, the laft of which 
is the fame with the problem contained in the aforefaid paper of the 13th 
of Novemb. 1665 : and that in a fmall trad written in Novemb. 1666, 
the fame feven proportions are fet down again, and the feventh is im- 
proved by (hewing how to proceed without flicking at fratbons or furds, 
or fuch quantities as are now called Tranfcendent :: and thjt _aa eighth 
proproiition is here added, containing the Invcrfe Method of Fluxions fo 
far as I had then attained it ; namely, by quadrature $ of curvilinear fi. 
gures, and particularly by the three rules upon which the ™>f s J >£tL 
quationes numero terminorum infinitas is founded, and by moft or the theo- 
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rems fet down in the Scholium to the tenth proportion of the book of 
Quadratures: and that in this trail, when the area arifing from any of 
the terms in the valor of the ordinate cannot be expreffed by vulgar analy- 
fis, I reprefent it by prefixing the fymbol Q to the term; as if the abfcifla 

hex. and the ordinate ax - h + the area will be {axx — 3x + U 

' a+x UJ a+x 

and that in the fame tracT: I fometimes ufed a letter with one prick, for 
quantities involving firft fluxions ; and the fame letter with two pricks, for 
quantities involving fecond fluxions: and that a larger tract, which I 
wrote in the year 1671, and mentioned in my letter of the 24th of Oc~h 
1676, was founded upon this fmaller tra£fc, and began with the reduction 
of finite quantities to converging Series ; and with the folution of thefe 
two problems : 1. Relatione quantitatum Jiuentium inter fe data, jluxionurn 
relationem deter minare. 2. Expqfitd aqua t tone fiuxiones quant it at um invol- 
vente, invenire relationem quantitatum inter fe: and that when I wrote 
this tract, I had made my Analyfis, compofed of the methods of Series 
and Fluxions together, founiverfal, as to reach to almoft all forts of pro- 
blems; as I mentioned in my letter of the 13th of June 1676 : and that 
this is the method defcribed in my letter of the 10th of Decemb. 1672. 

In the year 1684 Mr. Leibnitz publimed only the elements of the Cal- 
culus Different ialis, and applied them to queftions about tangents, and 
Maxima & Minima, as Fermat and Gregory had done before ; and mewed 
how to proceed in thefe queftions without taking away furds, but proceed- 
ed not to the higher problems. The Principia Mathematica gave the firft 
inftances made publick of applying this Calculus to the higher problems ; 
and I underftood Mr. Leibnitz in this fenfe in what I faid concerning the 
ASia Eruditorum for May 1700, pag. 206. But Mr. Leibnitz obferves, 
that what was there faid by him, relates only to a particular artifice de 
Maximis & Minimis, with which he there allowed that I was acquainted, 
when I gave the figure of my veffel in my Principles. But this artifice 
depending upon the Differential Method as an improvement thereof, and 
being the artifice by which they fblved the problems, which they value 
themfelves moft upon, thofe of the Linea celerrimi Defcenfus, and the Li- 
ned Catenaria and Velaria, and which Mr. Leibnitz there calls a Method 
of the Higheft Moment, and greateft Extent ; I content myfelf with his 
acknowledgment, that I was the firft who proved, by a fpecimen made 
publick, that I had this artifice. 

In the year 1689 Mr. Leibnitz publifhed the principal propofitions of 
this book as his own, in three papers, called, Epijtola de Lineis Opticis y 
Schediajma de rrjijlentid Medii, & Motu proj edli Hum gr avium in Medio refill ente, 
& Tentamen de Motuum Caekjiium Caujis ; pretending that he had found 
them all, before that book came abroad. And to make the principal pro- 
pofitionhis own, he adapted to it an erroneous demonftration ; and there- 
by difcovered, that he did not yet underftand, how to work in fecond dif- 
ferences. And this was the fecond fpecimen made publick, of applying 
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the method to the higher problems. Hitherto this method made no noife, 
but within a year or two began to be celebrated. 

Dr. Barrow printed his Differential Method of Tangents in the year 
1670. Mr. Gregory from this method, compared with his own, deduced 
a general method of tangents without calculation ; and by his letter of the 
cth of September 1670, gave notice thereof to Mr. Collins. Slufius, in 
November 1672, gave notice of the like method to Mr. Oldenbourg. In 
my letter of the 10th of December 1672, I fent the like method to Mr. 
Collins ; and added, that I mentioned it to Dr. Barrow, when he was print- 
ing his ledures ; and that I took the methods of Gregory and Slufius to 
be the fame with mine; and that it was but a branch or corollary of a ge- 
neral method, which without any troublefome calculation extended not 
only to tangents, but alfo to other abftrufer forts of problems concerning 
the crookednefs, areas, lengths, centers of gravity of curves, , &c and did 
all this, even without freeing equations from furds; and 1 added, that 1 
had interwoven this method with that of infinite Series ; meaning, m the 
traa which I wrote in the year 1671. Copies of thefe two letters were 
fent to Mr. Leibnitz by Mr. Oldenbourg, in the extrafts of Gregory s let- 
ters, in June 1676; and Mr. Leibnitz, in his letter of the 21ft of June 
,677, fent nothing more back, than what he had notice of by thefe two 
letters; namely, Dr.Barrow's Differential Method of Tangents, dilguifed 
by a new notation, and extended to the Method of Tangents of Gregory 
and Slufius, and to equations involving furds, and to quadratures.. But 
this is not the cafe between me and Dr. Barrovv. He faw my trad of 
Analyfis in the year 1699, and was pleafed with it. And before his lee- 
fures^ame abroad, I had deduced the method of Tangents of Gregory 
and-Slufius from my general method. But Mr. Leibnitz ,a 
knew nothing of the higher Geometry, nor was he acquainted with the 

"If hifkuer'of the 27th of Auguft ,676, he wrote thus , ^ dkere 

infinitas reduJ; idmihi non videtur Sunt enm ^ lta flfJ e °ZjZ 
plexa, utnequeab<equationibus P endeant, neque ex quadrature ^ W 
ex mhtts all, problemata methodi tangenttum tnverj*. And ™en an 
iwered, that fuch problems were in my power he replied, m his let* r ot 
the sift of June 1676, that he conceived that I meant by Inhm t Ser es, 
but he mint by Vulgar Equations. See the anfwer to this in the Com. 
mercium EpijloUcum, pag. 562. . , 1 • letter G f the 

He faith/ that one may judge, that when he ^ rote m ktter or 

requifite thin this ; that the onto* ot the 

creates in geometrical progrefhon, when he abfc.iV ^ ,„ one 
. tical ; and therefore the abfafiC and ordmate have the lame tm 
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another, as the logarithm and its number. And to infer from this, that 
Mr. Leibnitz had entrance into the Differential Method j is as if one 
mould fay, that Archimedes had entrance into it, becaufe he drew tan- 
gents to the fpiral, fquared the parabola, and found the proportion between 
the fphere and the cylinder ; or that Cavallerius, Fermat and Wallis had 
entrance into it, becaufe they did many more things. of this kind. 

P. S. When the committee of the Royal Society publimed the Commer- 
aum Epijlolicum, the letters and papers in my cuftody were not produced. 
Among them were the following letter of Mr. Leibnitz, dated ^ of 
March 1693, and a letter of Dr. Wallis's, dated the 10th of April Toof ; 
both which, upon a frefh occafion two years ago, were produced, exa- 
mined, and left in the archives of the Royal Society. The firft ihews 
what opinion Mr. Leibnitz had of this matter, before he knew my fym- 
bols, or any thing more of the method of Fluxions, than what he learnt 
from my letters and papers writ in or before the year 1676, or from the 
Principta Philofiphia Mathematics and by conference before I could de- 
ceive him ; and that he then gave me the precedence. The fecond, com- 
pared with the preface to the DocWs works, mews what opinion the 
EnghhS mathematicians, and fome others abroad, had of this matter, 
when they heard that the Differential Method began to be celebrated in 
Holland, as invented by Mr. Leibnitz. The firft of thefe two letters, and 
part of the fecond, are hereunto fubjoined. 

« Illuftri Viro ISAACO NEWTONO 

* GODEFRIDUS GULIELMUS LEIBNITIUS, S.P.D. 

* QJ JANTUM til) i lcientiam rerum mathematicarum totiufque natu- 
« ne debere arbitrer, occafione dat^, etiam publice fum profeffus. Miri- 
hce amphaveras geometriam tuis feriebus: fed, editoPrincipiorum opere, 
often difti patere tibi, etiam quae analyfi receptae non fubfunt. Conatus 
« ium ego quoque, notis commodis adhibitis, quse differentias & fummas 
exhioent, geometriam illam, quam tranfeendentem appello, analyfi quo- 
' dammodo iubjicere ; nec res male proceffit. Sed a te adhuc magni ali- 
quod exjxrflo ad fummam manum imponendam ; turn ut problemata, 
quae ex data tangentium proprietate quasrunt lineas, reducantur optime 
ad quadratures; turn ut quadrature ipfae, quod valde vellem, reducantur 
ad Lurvarum redhficationes, ubique fuperficierum aut corporum dimenfio- 

* nibus nmpliciores. 

* ' f. ed ^p 1 * om, »a optem, ut geometricis abfolutis, naturam, uti coe- 
, P. 1 . 1 ;'' ^thematice trad are pergas ; in quo genere certe tu unus cum pau- 
, c . l ™ m 1S wgens opera? pretium fecifti. Mirificum eft, quod invenifti, el- 
« *'^es ^eplerianas prodire, fi tantummodo attra&io, live gravitatio, & 
^ trajectio m planeta concipiantur. Tametfi enim e6 inciinem, ut credam 

iucc omnia Fluid* ambientis motu five effici, live regi, analogia gravitatis 
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* & magnetifmi apud nos, nihil tamen ea res dignitati & veritati invent! 
' tui detraxerit. 

* Quae fummus & ipfe Mathematicus Chriftianus Huygenius in tua no- 
« tavit, appendice libeili de caufa luminis & gravitatis, expenfa tibi non 

* dubito ; & fententiam viciffim tuam velim. Veftra enim amici coliatione 

* potiftimum, qui in hoc genere eminetis, erui Veritas poteft. 

* Cum vero maximum tu quoque lumen ipfi Dioptricae intuleris, expli- 

* catis colorum phaenomenis inexpectatis, velim quid fentias de HuygenianA 

* explicatione radiationis, utique ingeniofiffima, cum feliciter adeo prodeat 

* lex finuum. Significavit mihi Huygenius, nefcio qua nova phenomena 

* colorum fibi k te communieata. Ego valde optemut ratio colorum, quos 

* fixos vocant, ex apparentibus deduci poflit ; feu ut oftendatur ratio em- 

* ciendi per refra&iones, ut tota aliqua fuperficies certum colorem oftendat. , 
' In librorum apud Anglos editorum indicibus occurrere mihi aliquoties li- 

* bri mathematici autore Newtono ; fed dubitavi a te effent, quod vellem, 

* an ab alio homonymo. 

* Heinfius nofter redux teftis fuit benevolentiae erga me fuse. De cultu 

* Vero meo erga te, non ille tantum teftari poteft, fed & Stepneius, te- 

* cum ejufdem olim Collegii habitator, nunc magnae Britanniae Regis ne- 
« gotia apud Caefarem, nuper apud Sereniffimum Ele&orem Brandcburgi- 

* cum, curans. 

* Haec fcribo, magis ut ftudia erga te mea intelligas, quae nihil tot anno- 

* rum filentio amifere, quam ut tua ego ftudia, quibus auges humani gc- 

* neris opes, interrumpere velim vacuis Uteris & iupervacuis. Vale. Da- 
« bam Hannoverae T 7 T Martii 1693.' 

Part of a Letter of Dr. WALLIS'S to Mr. NEWTON, dated from 
Oxford, April 10, 1695. 

* I WISH you would print the two large letters of June and October 

* \6j6. I had intimation from Holland, as defired there by your friends, 
' that foraewhat of that kind were done ; becaufe your notions of Flu xions 
*■ pafs there with great applaufe by the name of Leibnitz's Calculus Djff'e- 
« rentlalis. I had this intimation, when all but part of the preface to this 

* volume was printed off; fo that I could only inlert, while the prefs ftay- 

* ed, that fhort intimation thereof, which you find there. You are not 
« fo kind to your reputation, and that of the nation, as you might be, 

* when you let things of worth lie by you fo long, till others carry away 
« the reputation which is due to you. I have endeavoured to do you jul- 

* tice in that; and am now for ry, that I did not print thofe two letters 

* verbatim * 

The intimation above-mentioned published in April 1695 by 
Dr. WALLIS in his faid Preface^ 
QU M in fecundo volumine habentur, in praefatione eidem ^prefix! di- 
citur. Ubi inter alia habetur Newtoni methodus de Fluxionibus, ut ills 
loquitur, confimUb nature cum Leibnitii, ut hie loouit&r, Calcuio Dffi* 
^ A rentim ? 
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rent tall; quod qui utramque methodum contulerit, fatis animadvertat, utut 
iubloquendi formulis diverfis : quam ego defcripfi, Algebra, Cap. xci. &c. 
nrsfertim Cap. xcv. ex binis Newtoni litens, aut earum altens, Junn 
i - & Oaob. 24, 1676, ad Oldenburgium datis, cum Leibnitio tumcom- 
nfunicandis, iifdem fere verbis, faltem leviter mutatis, quae in lllis Uteris 
habentur ; ubi methodum hanc Leibnitio exponit, turn ante decern an- 
nos, nedum plures, ab ipfo excogitatam. Quod moneo, nequis caufetur, 
de hoc Calculo Differentiali nihil a nobis di£tum efle. 

Out of the account given of the works of Dr. WALLIS in the ASia 
Eruditorum for June 1696. Pag. 257, 258. 

Cseterum ipfe Newtoiius fummae reciprocum. Vide fupra, p. 568, 

lin. 16 — 29. 

N. B. IN my letters of the 13th of June and the 24th of October 
1676, I affirmed, that I had the method of Fluxions fome years before ; 
but I never allowed that Mr. Leibnitz had the Differential Method before 
the year 1677 ; nor in thofe days did I know more of his pretences to it, 
than what he reprefented that year in his letter of the 21ft of June ; nor 
did I allow the Method of Tranfmutations to be a general method of Se- 
ries ; nor then knew, that the Series, which he fent to me, was fent to him 
by Mr. Oldenbourg the year before, and invented by Mr. James Gregory 
in the year 167 c The Method of Tranfmutations is not a Method of 
Series, but a particular theorem for tranfmutations of figures into one an- 
other, like thofe of Gregory and Barrow. And as for the fcholium upon, 
the fecond lemma of the fecond book of the Principia Philofopbia Mathe- 
matical which is fo much wrefted againft me ; it was written, not to give 
away that lemma to Mr. Leibnitz, but on the contrary to aflert it to my- 
felf. Whether Mr. Leibnitz invented it after me, or had it from me, is a 
queftion of no confequence ; for fecond inventors have no right. 

Dr. Wallis, by his letter of Decemb. 1, 1696, printed in the third vo- 
lume of his works, gave notice to Mr. Leibnitz of the paragraph in his 
preface to the firft volume above cited. And Mr. Leibnitz denied not that 
in the year 1676, I explained to him the method found by me' ten years 
before or above, nor complained of the Doctor for faying this : De te au^ 
tern queri, faith he in his letter of the 29th of March 1697, nunquam miht 
in mentem venit ; quern facile afparet nojlra, in Aclis Lipfienjibus prodita, non 
fatis vidijfe. He allowed, that the methods were of like nature as the Doc- 
tor had affirmed; and faid, in his letter of the 28th of May 1697, that 
he therefore called thetrTboth by the common name of the hjinitefmal 
Method; but added, that as the Analyfis of Vieta and Cartes were both 
called by the common name of Analyfis Speciofa, and yet differed in fome 
things, fo my Infinitefrnal Anafyjis and his might differ in fome things; 
meaning fome improvements made by him to this method ; and exculed 
the Do£tor for not mentioning thefe improvements, becaufe he had not 
fufficiently feen them in the' Atta Lipfw'fia ; and declared that it never 
came into his mind to complain of him for any thing elfe. 

And 
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And yet although Cartes never laid claim -to the Analyfis Speciofa of 
xT?' 1 l" Leibmtz continued amongft his friends to call the Infinitefimai 
Method his own, and thereby gave occafion to Mr. Fatio to write what 
follows : 

Out of the tract of Mr. NICHOLAS FATIO DE DUILLIER, 
intituled, Inveftigario Geometrica Solidi rotmxli, in quod minima fiat 
refiftentia, publimed in the year 1 699. 

* QU^RET forfan CI. Leibnitius, unde mihi cognitus fit iftecalcu- 
' lus, quo utor. Ejus equidem fundamenta, ac plerafque regulas, proprio 

* Marte, anno 1687, circa menfem Aprilern & fequentes, aliifque dein- 

* ceps annis, inveni ; quo tempore neminem eo calculi genere prater me- 
' 1 P 1 . um ' uti putabam.^ Nec mihi minus cognitus foret, fi nondum natus 

* eilet Leibnitius. Aliis igitur gJorietUr difcipulis, me certe non poteft. 

* Quod fatis patebit, fi olim literae, quae inter clariffimum Hugenium me- 
4 queintercefferunt, publici juris fiant. Newtonum tamen primum ac 

* pluribus annis vetuftifiimum hujus calculi inventorem, ipfa rerum evi- 
« dentia coacl:us agnofco : a quo utrum quicquam mutuatus fit Leibnitius, 
« fecundus ejus inventor, malo eorum quam meum fit judicium, quibus 

* vifas fuerint Newtoni literae, aliique ejufdem manufcripti codices. Ne- 
« o^e modeftioris Newtoni filentium, aut prona Leibnitii fedulitas inven- 
« tionem hujus calculi fibi paflim tribuentis, ullis imponet, qui ea per- 
« tradarint, quas ipfe evolvi, inftrumenta.' 

N. B. Mr. Fatio wrote this as a witnefs. He related what he had feen ; 
and his teftimony is the ftronger, becaufe it was againft himfelf, and he 
was no Englifhman. He underftood the methods of us all, and by what 
he had feen and underftood, he was able to make a true judgment. 
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Pag. 270, lin, penult, pro adhareus, lege adherens. 

P. 271, lin. 5, pro interior, lege anterior. 

P. 279, lin. 7, for CBbc and CBbc, read C£a<r. 

P. — lin. 16, for AC, read Ac. 

P. 280, lin. 23, for G, read FG. 

P. 507, Hn. 23, P r< > *7°°, le S e l6 /*' . . ., f « T . 
P. 530, Ad initiutn lineae 23 mora libn fcnbatur N jU 
P. 544, Ad initium lines prima in ora libri fcribatur N LV1U 
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P. 164, lid. 4, pro Nonchidarum, lege Noacbidarum. 



